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SELECTED PAPERS 
from 
THE CONFERENCE ON INTENSIVE CULTURE 
of 
SHORT-ROTATION FOREST CROPS 1 
This "Conference on Intensive Culture of Short-Rotation Forest Crops" is a sequel to 
the "Conference on Intensive Culture of Forest Crops" from which selected papers were 
published in part 2, number 3, volume 49 of the Iowa State Journal of Research, 1975. 
The second conference, from which papers were selected for the current issue, was 
sponsored by the Department of Forestry and University Extension, Iowa State University, 
Ames, Iowa, in cooperation with the United States Forest Service. 
1 This conference was held on March 4th and 5th, 1975, at Des Moines, Iowa. 
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INTENSIVE CULTURE: LAST YEAR AND NOW 1 
John C. Gordon 2 
ABSTRACT. If intensive culture of woody plants is to provide large amounts of fiber, fuel, 
and food in the 21st Century, vigorous research activity is necessary now. Major conclusions 
of last year's conference are summarized. 
Welcome to the second conference on intensive culture of short-rotation forest crops. 
will begin with the following quotation of Swift, used by Art Nelson in last year's keynote 
address: 
"And he gave it for his opinion that whoever could make two ears of corn or -two 
blades of grass, to grow upon a spot of ground where only one grew before, would 
deserve better of mankind, and do more essential service to his country, than the 
whole race of politicians put together." 
Note that Swift got, not only at politicians , but also at foresters because he 'left o·ut trees. 
We hope we are doing our part, through these conferences and our research, to bring trees 
under rational consideration as improvable crop plants. 
We think that, despite their long history as useful and indeed indispensable plants in 
human cultures, we have just begun to tap the potential of woody perennials as objects of 
human attention. 
I would like to do the following three things, before we proceed to the meat of our 
conference : 
1. Tell why intensive culture of woody perennials, and research on the subject, is more 
important now than it was last year. 
2. Review the major conclusions reached at last year's conference. 
3. Explain briefly why the focus of this year's conference is on pest management and 
economics. 
First, why has the importance of our subject increased? 
We have had more talk, and some evidence, of crises, shortages, and impending disaster. 
The basic needs of all human cultures-food, fiber, and fuel-have received a more extensive 
press during the past year than ever before, mostly from the point of view that there aren't 
enough of them. 
This increased clamor, presenting as it does the. picture of masses of people scrambling 
about on the globe, frantic for the material needs of civilization or even sustenance, strikes 
me as both repugnant and inaccurate. Our productive capacity, both in terms of solar energy 
and lands and waters, is immense. Our efforts to limit our numbers are less successful on the 
whole , but there are bright spots. Our population in the United States has nearly stopped 
increasing; already those of us who live by instructing the young are having second thoughts. 
In many places, environmental improvements have been made with astonishing swiftness. 
I don't think that the immediate dangers to the fabric of civilization from shortages of 
food, fuel, and fiber are very great. (By immediate, I mean the 5-to-10-year length of view so 
popular in our society.) But, I do think that we face a much greater and less-well-perceived 
1 Presented at the Conference on Intensive Culture of Short-Rotation Forest Crops, March 4 
and 5, 1975, Des Moines, Iowa 50309. 
2 Professor, Department of Forestry, Iowa State University, Ames, Iowa 50011. 
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danger. That danger is stagnation. Not economic stagnation, or stagflation, or whatever it is 
that is currently choking us (although I think that may be a symptom of what I'm talking 
about), but cuttural and intellectual stagnation. 
We pride ourselves on being innovative. Certainly, the need for innovation was never 
greater. More people, larger social systems, and, for us in the United States, the transition 
from being arbiter to competitor in the commerce and politics of nations all call for new 
ideas leading to a greater and more felicitous productivity. I just disqualified myself as a 
doomsayer, but I am worried about the rate of innovation. The rational use of solar 
energy seems to me to be at the base of long-run solutions to human problems. We, as for-
esters and as representative of photosynthate-based industries and agencies, should be strain-
ing as never before to innovate, to enhance productive capacity. But where are the new ideas? 
Particularly the ones that will sustain our industry in the 21st Century, as the innovations of 
Victorians now sustain us? It seems to me that we in forestry, like most other groups with 
claim to some technical expertise, have lately been more concerned with examining the past 
than with creating the future; with the short view rather than the long, and with explaining 
why things can't be done rather than finding ways to do them. 
Thus, I think our subject is more important now than last year because the lag between 
innovations and widespread practice is always long (Westinghouse says 9 years from well-
developed idea to market place, with no basic research involved) and because it is a year later. 
We are exploring an area that could become part of the base of a rational 21st-Century agri-
culture, dependent in larger part than now on perennial plants and whole plant utilization and 
a much greater efficiency of solar energy conversion. We can provide a stable, long-term 
source of fiber, fuel, and food, but we must get on with it now if we are to have the benefits 
later. Perhaps, because of our traditional reverence of long production cycles, we in forestry 
can be instrumental in bringing our society back to the long view. But to do this, we need to 
work hard and fast , and to have started yesterday. 
We did, and that brings me to my second purpose-to summarize major conclusions from 
last year's conference (Iowa State Journal of Research, 1975). I think there were several, 
and I'll list them. 
1. Biomass yields of trees can compare favorably with those of other plants. Woody 
perennials do respond to intensive culture, and in some situations can outproduce 
currently popular annuals. 
2. Yield improvement for trees is both possible and necessary if higher cultural levels 
are to be economically justifiable. 
3. Intensive culture is a system of practices that optimizes all manageable aspects of 
the environment and the genetic makeup of the tree. Yield improvement, therefore, 
should be approached holistically wherever possible. 
4. A rich mix of species and variants-within-species that show rapid juvenile growth, 
acceptable fiber characteristics, and coppicing ability are available for intensive 
culture in the North Central Region. The most promising candidates seem to be 
hardwoods (poplars, birches, soft maples, sycamore, tree-of-heaven), but conifers 
also will be needed for fiber quality, and the larches and some pines show special 
promise. 
5. Establishment, regeneration, and fertilization procedures are being worked out for 
some species (notably poplars and sycamore) and locations. Because most species 
having rapid juvenile growth require clean sites for successful establishment, vigorous 
site preparation is necessary, and suppression of weeds (particularly during the first 
year) is critical. Fertilization will be standard practice, but information on the fate 
of applied fertilizer is scanty, and specific yield.response functions have yet to be 
provided for most species and sites. 
6. Irrigation to increase yield cannot be economically evaluated until basic data on a 
variety of sites, species, and ages are available. Perhaps the most promising source 
of cheap water and nutrients is mill and sewage-treatment effluent, but its use de-
mands proper location of production sites and careful monitoring of crop plants, 
soil, and groundwater. Heavy metals may be the worst problem. 
7. Industry stands ready to use intensive methods and thinks them necessary to their 
future well-being. 
My third purpose is to say why we chose pest management and economics as subjects for 
this year's conference. The answer is simple. It seemed to us after last year's conference that 
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these two areas were currently the ones that we knew least about. We have tried to bring to 
you speakers who can begin to remedy this. We hope you can interact vigorously with them. 
LITERATURE CITED 
Iowa State Journal of Research. 1975. Conference on intensive culture of forest crops. 
Vol. 49, No. 3, Part 2. Ames, Iowa 50011. 
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REVIEW OF COMPETITION CONTROL FOR INTENSIVE CULTURE 
FORESTRY IN THE NORTH CENTRAL REGION 1 
David H. Dawson 2 and Nonan V. Noste3 
ABSTRACT. Highly intensive plantation culture has not been applied in the North Central 
Region, except on an experimental basis. However, several million acres of conventional 
conifer plantations, and considerably less acres of valuable hardwood plantations, have been 
established by sod scalping or by the use of mechanical devices for site preparation, furrow-
type trees, planters, and of prescribed burns or herbicides for competition control. Experience 
and supporting research relative to these plantations provide some site preparation and 
competition control data useful in intensive culture systems. Studies show that growth in-
creases of 750% can be attained by plowing, tilling, and weed control for one year. Maximum-
yield studies in Wisconsin have used linuron effectively to control weeds completely. However, 
energy-conserving, environmentally safe means of competition control still need to be 
developed. 
INTRODUCTION 
In this conference, intensive culture implies (1) use of genetically improved stock, (2) 
improvement of soil nutrient levels, (3) soil moisture regulation, and ( 4) competition control. 
Viewed thus, intensive culture forestry has not been applied in the North Central Region 
except on an experimental basis. 
Nevertheless, plantation establishment in the northern U.S. has been fairly successful. 
For example, 75% of the approximately 268,000 acres of plantations established each year 
between 1965 and 1970 have been judged "successful" (USDA Forest Service, 1973). Most 
existing plantations were established with only a minimum of site preparation and usually no 
subsequent competition control. Therefore, the need for intensive competition control as an 
essential element of intensive plantation culture could be questioned. However, some measure 
of competition control must have been applied to achieve this degree of success. Moreover, con-
siderable evidence indicates that tree survival and growth would both be much improved in com-
petition-free environments. Furthermore, the methods employed and experience gained in 
establishing these plantations should provide valuable information for developing methods of 
more intensive competition control. 
REVIEW OF COMPETITION CONTROL 
Competition control cannot be discussed as a practice separately from site preparation 
even though the operations may occur at different periods in the life of the plantation be-
cause they are so closely related. 
For the first tree-planting efforts in the Region, typical planting sites were abandoned 
farms or burned-over lands. Using a shovel, mattock, or other hand tool, a person would 
remove an area of sod from around each seedling. The size of this "scalp", which ranged in 
1 Presented at the Conference on Intensive Culture of Short-Rotation Forest Crops, March 4 
and 5, 1975, Des Moines, Iowa 50309. 
2 
,
3 North Central Forest Experiment Station, U.S.D.A. Forest Service, Institute of Forest 
Genetics, Rhinelander, Wisconsin. 
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obtained on disked ground. Growth 2 years after ground preparation and weed control were 
as follows: yellow poplar, 44 in ; white ash, 33 in ; black walnut, 17 in; and red oak, 11 in, 
respectively, compared to 2 in , or less for plots on which there was no weed control. These 
results demonstrate the potential gains to be realized from intensive site preparation and 
competition control. 
COMPETITION CONTROL IN MAXIMUM YIELD FORESTRY 
In 1970, the North Central Forest Experiment Station initiated its multiproject program 
on maximizing fiber yields (Dawson and Hutchinson, 1973 ; Crist and Dawson, 1974). At 
Rhinelander, Wisconsin, experimental plots were established in the Hugo Sauer Nursery, on 
land that had been in conifer seedling production for over 20 years. 
Plots of Populus, jack pine (Pinus banksiana), tamarack (Larix laricina), green ash 
(Fraxinus pennsylvanica}, and silver maple (Acer saccharinum) were kept totally weed free for 
a period of from 1 to 3 years after planting, depending on the tree spacing. Linuron was ap-
plied at the rate of 3 pound/acre each spring on ground areas where tree crown cover had not 
closed, both on established and new plantings. This rate was critical because the low (2. to 3 %) 
organic matter content in the soil affected the absorbtion rates of the herbicide. Four 
pounds/acre would have been damaging. Linuron was used because Cram (1967) had demon-
strated at Indian Head, Saskatchewan that it was one of the few pre-emergent herbicides that 
did not seem to inhibit rooting of Populus cuttings. Subsequent trials at Rhinelander cor-
roborated Cram's experience. To control occasional weeds that invade the plots, spot 
spraying with paraquat (1,'2 pound/acre) or aminotriazole (2 pounds/acre) proved effective. 
NEEDS 
Herbicides need to be developed or tested specifically for use on intensively grown tree 
plantations. These herbicides must not only provide the selectivity necessary, they must be 
nondetrimental to all aspects of the environment. Moreover, a concerned public must be 
satisfied that these herbicides will not damage the environment. 
Specifically, we need herbicides for the culture of Populus, Larix, and Pinus, which can 
be applied at planting time and will control a broad range of competing vegetation for about 
11;2 growing seasons. 
Because of the advent of the whole tree-chipping system (Napier, 1972), herbicides are 
needed to prevent sprout growth, both from roots and stumps of northern hardwoods and 
aspen as well as shrubby species, and yet allow the planting of containerized hardwood and 
conifer propagating material. 
Finally, innovative site preparation and subsequent competition-control systems need to 
be found that require less energy. Possibilities, such as cover crops, trees that provide more 
rapid closure, and mulches, need to be explored. 
LITERATURE CITED 
Alm, A. A., and R. Schantz-Hansen. 1972. Five-year results from tubelingplantingsin Minne-
sota. Journal of Forestry 70: 617-619. 
Benzie, John W., Silas Little, and R. F. Sutton. 1973. The Northeast and Boreal Region. 
Journal of Forestry 71: 154-158. 
Cram, W. B. 1967. Summary report for the tree nursery , 1968, p. 17. PFRA, Canada 
Department of Agriculture, Indian Head, Saskatchewan. 
Crist, John G., and David H. Dawson. 1974. Anatomy and dry weight yields of two Populus 
clones grown under intensive culture, USDA For. Serv. Res. Pap. NC-113, pp. 6. U.S. Dep. 
Agric. For. Serv., North Cent. For. Exp. Stn., St. Paul, Minnesota. 
Dawson, David H., and J. Hutchinson. 1973. Farming for fiber. Wisconsin Conservation 
Bull. May-June. p. 24-26. Wisconsin Dept. Natural Resources, Madison, Wisconsin. 
Erdmann, G. G. 1967. Chemical weed control increases survival and growth in hardwood 
plantings. USDA For. Serv. Res. Note NC-34. p. 1-4. U.S. Dep. Agric. For. Serv., North 
Cent. For. Exp. Stn., St. Paul, Minnesota. 
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Wisconsin, red pine yields increased 300% because complete site preparation and 2 years of 
cultivation eliminated shrub competition (Whittenkamp and Wilde, 1964). 
Alm and Shantz-Hansen (1972) found that containerized conifer seedlings require greater 
site preparation for survival than does conventional stock. In their Minnesota studies, cover-
ing by competing vegetation killed more seedlings than any other factor. 
Hardwood plantations seem to respond even more dramatically to competition control. 
In the Northeast, Schreiner's studies (1945) clearly demonstrate the importance of weed-free 
sites to growth of Populus (Table 1). The difference between complete treatment (plowed, 
harrowed, and cultivated for 1 year) and a 12-inch-square scalp treatment was 425% at the 
end of the fourth year. In southern Ontario von Althen (1970) compared effects of scalping, 
plowing, and herbicidal weed control on fertilized plots of black locust (Robinia pseudoacacia), 
silver maple (Acer saccharinum), white ash (Fraxinus americana), white pine (Pinus strobus), 
and white spruce (Picea glauca) on clay soil (Table 2). At the end of 3 years, the differences 
in height growth between the scalping and "complete" treatments stands ranged from 750% 
for white ash to 37% for white spruce. 
Table 1. Four-year Effects of Site Preparation and Weed Control on Hybrid Populus Height 
Growth.a 
Site preparation 
12" scalps 
18" scalps 
24" scalps 
12" furrows 
18" furrows 
24" furrows 
Complete 
Competition control 
Not weeded Weeded 
Feet 
1.8 2.0 
2.4 2.9 
2.8 3.7 
2.3 2.4 
2.7 3.7 
3.6 5.1 
3.8 8.5 
asource: Schreiner, Ernst J. 1945. How sod affects establishment of hybrid poplar planta-
tions, Journal of Forestry 43: 412-427. 
Table 2. Three-year Effects of Scalping, Plowing, and Weed Control on Height Growth of 
Five Species of Trees.a 
Black Silver White White White 
Treatment Locust Maple Ash Pine Spruce 
Scalped 6.0 4.2 1.3 5.9 4.7 
Scalped 8.6 14.5 2.1 7.4 10.0 
(Herbicide 
treated) 
Plowed 45.7 7.3 10.4 10.9 9.2 
Plowed 103.9 57.8 22.6 17.2 12.0 
(Herbicide 
treated) 
asource: von Althen, F. W. 1970. Methods of successful afforestation of a weed infested 
clay soil. Forestry Chronicle 46: 139-143. 
In Iowa, 4 lb/acre of active simazine dr atrizine controlled weeds effectively without in-
juring black walnut (Jug/ans nigra), red oak (Quercus rubra), yellow poplar (Liriodendron 
tulipiferum},and white ash (Fraxinus americana) trees (Erdmann, 1967). Better control was 
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area from a few square inches to several square feet, was probably determined more by the 
ambition of the planter than by the biological needs of the tree. 
The need for more efficiency led to the adapting of farm machinery for use as mechanical 
tree planters (Rudolf, 1950). Some machines did not really prepare a site, rather, they only 
cut a trench through the sod , or other ground cover, and the top horizons of the soil into which 
a tree was inserted after which the machines packed and closed the trench. Others were 
equipped with a two-way plow, which opened a furrow usually about 28 inches wide before 
doing the trenching. 
Mechanical planters of the "scalping" type had the following disadvantages: (1) the 
trees were frequently planted in subsoil where nutrient and organic matter levels were very 
low; (2) the furrows created runways for rodents, which had a tendency to travel the furrows, 
lunching on each tree as they went ; and (3) years after planting, furrows formed by some of 
the planters were still conspicuous, making the plantations difficult to walk through and 
giving them an "unnatural " look. everthe\ess, many acres of plantations in the Region owe 
their existence to these planters. 
Where poor quality woody stands are converted to plantations, much heavier machinery 
is used such as bulldozers, shearing blades, heavy-duty discs, rototillers, plows, root rakes, 
rock rakes, single- and double-drum brush choppers, the SFI cultivator, and the Le Tourneau 
tree crusher4 (Benzie, Little, and Sutton; 1973). 
Prescribed burning is usually most effective in controlltng competition soon after har-
vesting when slash accumulations provide plenty of fuel for a fire (Benzie, Little, and Sutton; 
1973). It has not proven practical for converting (1) aspen stands to conifers because of 
prolific sprouting and seeding of shrubs (Perala, 1974a) , or (2) aspen-mixed hardwood 
forests because shrubs and associated hardwood sprouts continue to grow after burning 
(Perala, 1974b). 
Herbicides have also been used with promising results. White (1967) successfully used 
4 to 6 lbs/acre of active simazine or dichlobenil (Casoran) per acre in controlling grassy compe-
tition before establishment of conifer plantations. The herbicides, applied in 2 ft to 4 ft strips 
the fall prior to planting, provide almost total competition control the first growing season. 
Contact herbicides, such as amino triazole or paraquat, are frequently used as directed sprays 
during the growing season in nurseries or Christmas-tree plantations. In Minnesota Perala 
(1974c) used picloram to control effectively shrub and hardwood tree species for converting 
stands to conifers. This, coupled with summer spraying of Tordon 101 and followed by 
prescribed burning in the next spring, reduced coppicing and suckering of aspen 15 months 
after treatment. 
BENEFITS FROM INTENSIVE WEED CONTROL 
Wilde (1970a, 1970b) calculated that pine plantations in Wisconsin require about 
1200 kg of water to produce 1 kg of merchantable wood, whereas evapotranspiration of ground 
vegetation consumes about 85 kg of water per kg of oven-dry tissue. In turn, each kg of weed 
biomass in the plantation throughout the years reduces wood production 0.07 kg. Therefore, 
timber growth in plantations established in a heavy cover of shrubby plants may under-
produce more than 15 cords/acre over a 40-year rotation, or more than a 1/3 cord/acre/year. 
At current stumpage prices, obviously, weed control could be an excellent investment. 
In another Wisconsin study diameter growth in a 7-year-old red pine (Pinus resinosa) 
plantation increased 30% the first year after herbicide application, and 8% the following 
season. Height growth increased 13% the second year (Lambert, Boyle, and Gardner; 1972). 
These increases were attributed to increased available water. The limiting effect of moisture 
stress is supported in results reported by Wilde, Shaw, and Fedkenheuer (1968). Their 
results suggest that nutrients tied up in weed biomass are commonly not a problem in con-
ventional conifer plantations on sandy soils. However, weeds also limit tree growth on 
heavier soils, having more nutrient- and better moisture-retention capacity. 
Eliminating shrubby competition by complete site preparation and 2 years of cultivation 
increased red pine yield. In a 27-year-old plantation on podzolic sandy loam soils in 
4 Mention of trade names does not constitute endorsement of the products by the USDA 
Forest Service. 
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ENTOMOLOGICAL PROBLEMS OF FOREST CROPS 
GROWN UNDER INTENSIVE CUL TURE 1 
Louis F. Wilson 2 
ABSTRACT. Trees grown for intensive culture attract particular forest insects because of the 
cultural practices and tree species used. Defoliators, sapsuckers, and wood borers are the pri-
mary insect pests. Their impact varies depending on cultural treatments such as spacing, ferti-
lization, irrigation, site preparation, location, time, and frequency of attack. By selecting the 
right tree for the right site and with good site preparation and proper water and nutrient 
balance, insect problems can be minimized in forest crops grown under intensive culture. 
INTRODUCTION 
Insects relate to plants for food, shelter, or transport; the relationship varies depending 
on the degree of positive or negative interaction. In the so-called parasitic interaction, the 
insect benefits and the tree suffers. And, if this "suffering" or impact is potentially or actually 
serious, we consider and perhaps prescribe control, suppressive, or preventive measures to cur-
tail economic or esthetic losses. 
Little is known about the parasitic interaction between forest insects and trees grown 
under shoot rotation and intensive culture (Shea, 1971). The short-rotation forest crop is 
essentially a monoculture because the crop trees are uniform in species size, age, spacing, and 
genetic composition. We do know that many insects reach outbreak status in "pure" natural 
and planted forests so undoubtedly forest insects will cause an impact in short-rotation forest 
crops. Theoretically, the insect problems could even be worse in other forest stands. 
Unlike most other forest stands, the short-rotation forest crop is basically an agroeco-
system, that is, it is grown as an agricultural crop. This provides us with the distinct advantage 
of using the various treatments or manipulations as preventive or cultural control tools to 
curtail insects before they become destructive. 
This paper discusses probable insect pests of short-rotation forest crops and their poten-
tial impact under various cultural treatments and manipulations. 
MAJOR INSECT .PESTS AND POTENTIAL IMPACT 
The tree species currently chosen for intensive culture have many insect enemies in the 
natural environment. Dickmann (1975) suggests species of Salix, Betula, Populus, and Pinus 
as prime candidates for fiber. These are especially good hosts for insects. In fact, these genera 
have species that rank among the most preferred foods of forest pests. If we want to avoid 
insect problems we would be better off growing Ginkgo or Russian Olive! 
Surveys of insects of Populus in the eastern United States alone show that more than 
150 species attack these trees (Baker, 1972; Graham, Harrison, and Westell, 1963). Jack pine 
(Pinus banksiana Lamb.), which is a favorite of many insects and one of the species chosen 
1 Presented at the Conference on Intensive Culture of Short-Rotation Forest Crops, March 4 
and 5, 1975, Des Moines, Iowa 50309. 
2 Principal Insect Ecologist, North Central Forest Experiment Station, Folwell Avenue, 
St. Paul, Minnesota 55108. 
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for intensive culture, has more than 200 insect enemies in the eastern United States. Likewise, 
Betula and Salix have numerous pests. About 10% or fewer of these pests become economi-
cally important to these trees under "normal" forest conditions. More (or less) may become 
important under intensive culture. 
For purposes of discussion, the insects are divided into the following three categories: 
(1) defoliators, (2) sapsuckers, and (3) shoot-stem borers. Most examples are given for insects 
on Populus rather than attempting to cover all tree genera. 
Defoliating Insects 
Defoliators, a common enemy of trees, include the larvae of moths and sawflies, and the 
larvae and adults of beetles. About 60% of the insects that attack Populus are defoliators. 
Defoliators, in general, are well adapted to feeding on trees. They efficiently convert ingested 
food to metabolites on their preferred hosts so they have an especially good chance for 
survival and population increase after initial attack (Waldbauer, 1968). 
Defoliators injure the foliage in various ways. Some devour the leaf blade (free feeding) 
or chew holes in it (shot-holing). Others eat on the surface (chafing), between the veins 
(skeletonizing), or inside (mining). Some insects may do no more than reduce total leaf area 
and lower effective photosynthetic capacity of the tree, but attack by many other defoliators, 
or repeated defoliations by lesser numbers, may seriously modify growth and development or 
kill the tree. 
For example, poplars defoliated by Pygaera anastomosis (L.) in Italy suffered 12 and 
30% reduction in volume from one and two complete defoliations, respectively, the same 
year. After two defoliations, all twigs were killed and epicormic branches developed. Tree 
death, however, was rare (Arru, 1964/1965). 
In Michigan, defoliation rates of 25 and 100% by the forest tent caterpillar (Malacosoma 
disstria Hubner) reduced growth of aspen by 38 and 67% (Dils and Day, 1950). In Ontario , 
the combination of forest tent caterpillar and frost injury reduced growth 40 and 80% in 
aspen for amounts of defoliation similar to those in Michigan (Rose, 1958). And,in Minnesota, 
3 years of aspen defoliation killed few trees, but 80% of the trees had numerous dead twigs 
(Batzer, 1955 ). 
Sapsucking Insects 
Important sapsucking insects include the aphids and scales, possibly spittlebugs. Mites 
may also be involved. Sapsucking insects comprise about 13% of the forest pests on Populus 
in the eastern United States (Baker, 1972). Most sucking insects are specifically adapted to 
tap directly the rich sources of metabolites in the phloem (Kennedy and Fosbrooke, 1973). 
This process is wasteful because the insects assimilate only a small part of the nutrients in-
gested and eject the rest as honeydew. They not only remove sugars and amino acids but 
substances in the saliva, which depress metabolism of the tree, are injected into the plant. 
This causes reduced leaf size and reduced wood formation (Osborne, 1973). Insect saliva 
contains phenolic compounds, hormones, and enzymes that modify host metabolism (Miles, 
1965). Injured trees become weak, chlorotic, and may "flag" and die. 
Spittlebugs are low-density pests that generally select parts of the tree with high meri-
stematic activity and high nutrient value. Small numbers, therefore, can produce a large impact 
on small to moderately large trees. Many aphids and certain other sapsucking insects, how-
ever, are high-density pests with large numbers occupying a single tree (Way, 1968). Aphids 
have an intraspecific mechanism that normally prevents their population from rising to a level 
that will prematurely destroy the tree (van Emden and Way, 1973). However, they can act as 
a strong "sink" influencing the flow of nutrients in the tree (Kennedy and Fosbrooke, 1973, 
Kennedy, 1958). Mittler (1958) calculated that in 1 day, one willow aphid could consume 
the photosynthetic products of 5 to 20 sq cm of leaf. This is equal to several willow leaves or 
at least one average aspen leaf. 
Among the significan~ injurious,sapsucking pests of Populus is the speckled poplar aphid 
(Chaitophorus stevensis Sanborn), which feeds on expanding leaves, especially on sucker 
shoots, and causes them to curl upward. Another common aphid is Pterocomma smithiae 
Monell, which feeds on the tips and new leaves, causing necrosis and swelled shoot tips that 
split open and die. Lachnus salignus (Gmel.) feeds on the lower sides of leaves and causes 
stippling and leaf necrosis. 
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Shoot-Stem Boring Insects 
Shoot-stem boring beetles and moths are the most important pests of shoots, stems, 
roots, and galls in intensive culture. These usually are low density pests-sometimes only one 
per tree-that localize in specific tissues. Nevertheless, individual insects can kill twigs or the 
whole tree by their selective feeding habits. Many of these kinds of insects prefer trees weak-
ened or under stress. About 27% of insects attacking Populus are in this category; among the 
important ones are Saperda moesta Lee. and S. concolor Lee. , both gall-making borers of the 
stem, which attack young aspen suckers. Their boring does not kill directly, but many stems 
break over at the site of attack. Oberia schaumi Lee. attacks stems of larger suckers and 
subjects them to easy breakage. 
INSECT IMPACT RELATIVE TO DEGREE, LOCATION, AND SEASON 
OF ATTACK AND HOST AGE 
Degree of Attack 
Insects can stimulate, suppress, or have no effect on the growth or abundance of trees. 
Consumption of leaves, buds, flowers, etc., by insects does not always reduce plant vigor, 
growth, and abundance; some defoliation may increase growth if done at the correct time 
(Harris, 1973). Investigators have shown increases in yields from plant ecosystems attacked 
by defoliators. For instance, Ellison (1960) reports that 65 to 70% defoliation of current 
growth of several deciduous shrubs invigorated them. Churchill et al. (1964) report that 
certain aspen stands defoliated for 2 to 3 years may actually show much greater height growth 
and slightly more basal area than undefoliated stands. 
Increased height growth or basal area after heavy defoliation may result from increased 
circulation of the important growth elements N, P, and Kor a more equitable distribution of 
light and moisture (Mattson and Addy, 1975). Also, insect bodies, frass, and wasted food are 
rich in nutrients and so abundant in outbreaks that they can increase N, P, and K inputs to 
the soil 20 to 200%, thereby increasing the activity of soil organisms and perhaps ultimately 
plant growth (Mattson and Addy, 1975; Kimmons, 1972; Carlisle, Brown, and White, 1966; 
Sukachev and Dylis, 1964). 
Harris (1973) suggests that many insect species have little or no effect on plant growth 
and abundance. The insect that chews a few leaves does not harm the tree nor hinder its 
ability to reproduce. Such injuries cause "cosmetic" defects and are of concern only if they 
affect the value of the final product such as a defect in lumber. 
However, forest pests usually do decrease tree vigor, growth, and abundance. Hodson 
(1941) reported that 4 or 5 years of aspen defoliation by the forest tent caterpillar killed 20 
to 80% of the trees. Similar results occur from time to time from most of our major forest 
pests, such as the jack pine budworm (Choristoneura pinus Freeman) and redheaded pine 
sawfly (Neodiprion lecontei (Fitch)). 
Some hardwoods can tolerate several-even complete-defoliations the same season or 
for several consecutive years without dying. However, temperate and boreal zone conifers 
(except larch and western white pine) cannot tolerate a complete defoliation at any season. 
Location of Attack 
The degree of injury from insects also depends on the location and time of attack-relative, 
of course, to the numbers and kinds of insects attacking. The importance of the foliage, for 
instance, varies throughout the tree, depending on tree species and time of year. Thus, 
insects feeding in the top will affect trees differently from those feeding at the bottom. 
Some conifer insects, such as the redheaded pine sawfly, feed primarily on the top of young 
trees and cause dieback. Spring sawflies, such as the European pine sawfly {Neodiprion 
sertifer (Geoff.)), devour only the old-growth foliage. Even if this foliage is 100% removed, 
growth loss rarely exceeds 40%(Wilson, 1966) and death occurs only if defoliation is repeated 
and the trees are under heavy stress. Removal of new foliage decreases growth of the upper 
stem and causes shoot and branch mortality. Removal of old foliage increases growth of the 
upper stem (Craighead, 1940). 
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Season of Attack 
Insects of the temperate zone may feed only in the spring (spring sawflies), in summer 
(many insects), or in the fall (red-humped oak worm). Others may feed during much of the 
warm season because of prolonged development (Saratoga spittlebug and wood borers) or 
have several generations per year (aphids). 
Depending on the species of insect, the impact will vary by season. In conifers and 
hardwoods of the temperate zone that have predetermined shoots, early shoot-growth and 
springwood utilize photosynthate stored from the previous season. Summerwood growth 
and, in conifers, needle elongation depend largely on current photosynthate (Kozlowski, 
1964). Thus, insect injury in these seasons may affect growth accordingly. For example, 
defoliation by caterpillars in the spring will reduce the growth of summer wood in the trunk 
for that year by two-thirds of the possible maximum (Jtittner, 1959; Varley and Gradwell, 
1962). Late season defoliation, though less important for growth loss and mortality, may 
leave twigs unlignified and subject to winter damage (Kamilovski, 1966). 
Defoliation studies onPopulus in Ontario show that the forest tent caterpillar completed 
feeding when about 50% of the foliage was developed and shoot elongation was about 2 to 3 
weeks from completion. Continued foliation occurred if the shoots were still growing, but, if 
the new shoot tips were destroyed, refoliation occurred (Rose, 1958). In Minnesota, new 
leaves were smaller than normal for 1 or more years following 3 years of consecutive defolia-
tions (Duncan and Hodson, 1958). 
In the Netherlands, insect-simulated complete defoliation in June reduced growth by 
50% by weight and by basal area basis (Fransen and Houtzagers, 1946). Complete defoliation 
for 2 consecutive years reduced height growth by 18%, radial growth by 44% and volume by 
60% in a French insect-simulated defoliation study (Joly, 1959). In Yugoslavia, trees defoli-
ated wholly or partly in May and mid-July had diameter growth reduced by 60% and spring 
flushing delayed by a month. In addition many shoots were unlignified and subject to winter 
injury. May defoliation caused the greatest growth reduction, whereas August defoliation 
had the least effect on growth (Kamilovski, 1966). 
Host Age 
Different insects attack trees of different ages with varying impact on the tree. Generally, 
insect problems differ for the seedling or sucker stage, the sapling stage, the pole stage, and the 
mature stage, although some problems may overlap parts of two or more stages. 
Because our primary and current interest is in trees grown under rotations of less than 
20 years and more likely 5 to 7 years, our concern is mostly with insects affecting the seedling 
or sucker stage (<l" dbh) and the sapling stage (mostly 1-6" dbh). Seedling trees, especially, 
are small, weak, and susceptible to stress. A few insects can cause much damage to seedlings; 
for example, one white grub can kill more than one seedling. 
Several species of aphids and leaf hoppers attack seedlings and suckers of Populus, causing 
die back and (or) leaf curl and necrosis. Young saplings, however, are more subject to defoli-
ators, scales, and stem borers. Several poplar borers (Oberia and Saperda) tunnel and weaken 
sapling poplars (Graham, Harrison, and Westell, 1963). Insects such as the forest tent cater-
pillar and the large aspen tortrix [Choristoneura conf/ictana (Walker)] will probably not be 
important pests of Populus planted for intensive culture unless the trees are permitted to grow 
to 6 inches dbh or larger. Younger trees could be attacked, however, if they are adjacent to 
infested older stands. 
EFFECTS OF INTENSIVE CULTURE TREATME'NTS ON INSECT IMPACT 
As with all agroecosystems, we have some degree of control over the intensive culture 
system from the start. We can select species and trees, site, spacing, and stand composition. 
And we can manipulate parts of the environment. Some cultural practices will have to be 
modified or new ones developed if we are to avoid certain insect impacts. 
Genetic Selection for Insect Resistance 
We have just begun to use host resistance to combat insects and diseases, even though 
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this has been regarded as the ideal method for a long time (Beck, 1965 ). Genetic manipula-
tions have been successful in combating numerous agroecosystem pests and certainly offer as 
much potential for alleviating injury to trees grown under intensive culture. 
Implicit in the concept of resistance is that factors conferring resistance on the host are 
genetically codetermined in the insect and host, so that these factors are perpetuated by the 
geneticist (Hanover, 1975 ). Some researchers maintain that plant foliage is only marginally 
adequate nutritionally for the insect consumer (Schoonhoven, 1969); woody tissues are proba-
bly even less adequate nutritionally. Thus, small biochemical changes in the genetically 
established tree can cause large and important responses by insects. Causal mechanisms 
eliciting insect responses are not yet understood (van Emden and Way, 1973), but they are 
probably related to reduction in the plant's defensive mechanisms coupled with alterations in 
nutrient balance and abundance. 
Sometimes susceptibility to insects is induced temporarily. Much evidence suggests that 
plants we tend to call "susceptible" are probably already somewhat resistant but have been 
"caught out" by the insects at a time whe-n defenses are low (van Emden, 1966). White (1969) 
claims that many outbreaks are correlated with "host-plant stress." We know that old, 
weakened trees or stressed trees are more susceptible to insect attack than vigorous ones; 
bark beetles and the redheaded pine sawfly on pines are notable examples. Often, mass out-
breaks are associated with declining host vigor on forest sites that have nutrient-poor soils, 
impoverished microfauna, few mycorrhizae, and (or) poor moisture. 
Genetic imbalance in the insect-tree relation, which will lead to tree resistance, may be 
accomplished by varying any of four basic host characteristics (Hanover, 1975). First, 
morphology and anatomy of the host may vary. For example, the white pine weevil, which 
feeds on the leaders of pine, consistently avoids trees with a large number of outside cortical 
resin ducts (Stroh and Gerhold, 1965). Western white pine has many outside cortical resin 
ducts and is more resistant than eastern white pine. Second, chemical repellents produced by 
the host may vary. For example, the elm bark beetle is deterred from feeding on species such 
as hickory by a plant substance called juglone (Norris, 1970). Several tree species have similar 
chemicals that can be modified in quantity genetically. Third, chemical attractants produced 
by the host may vary. Riddiford and Williams (1967), for example, found that a chemical 
released by oak leaves induces mating in certain moths. Resistance here, of course, must 
obviously result from the inability of the host to produce the attractant and thereby avoid 
initial attack. Fourth, nutritional status of the host may vary. Painter (1966) enumerates the 
varied effects of insect feeding on the resistant plant, including death of larvae, lowered 
fecundity, smaller size, abnormal length of life cycle, poor hibernation from lack of food 
reserves, death before adulthood, and physiological aberrations. What causes these effects? 
Many factors could, including presence of toxins, growth inhibitors, lack of nutritional 
elements, and feeding deterrents. 
Site Preparation 
As in any agroecosystem, site preparation before, during, and after planting includes such 
activities as plowing, tilling, disking, and weed control. We want to prepare the best site 
possible for the tree species involved in short-rotation agroecosystems. However, few soil-site 
evaluation studies have considered primary insect pests such as defoliators, sapsuckers, and 
shoot-stem insects. For agricultural crops Haseman (1950) gives a general review of insect-site 
relations and cites instances of crop successes and failures. Several investigators have reported 
that forest trees planted on proper or well-prepared sites are much more resistant to attacks 
by defoliators (Bennett, 1965; Bess, Spurr, and Littlefield, 194 7; Craighead, 1925; Gremal 'skii, 
1961 ; Schwenke, 1966; Vite, 1961); in some instances site preparation raised the site index 
for certain species of trees by as much as 15 units (Morris, 1965; Wittenkamp and Wilde, 
1964; and Worst, 1964). Plowing 2 years before planting or mulching may build up soil 
moisture in areas of limited precipitation (Van Haverbeke, 1965), thus increasing tree vigor 
and resistance to insect attack. 
Even after edaphic factors are recognized and dealt with, a few biological factors must 
be considered in site preparation. For instance, trees are planted sometimes next to or among 
similar trees undergoing a moderate insect or disease outbreak, or grasses present at the site 
may harbor white grubs that will attack seedlings after planting. Likewise, conifer stumps left 
after cutting may harbor the pales weevil [Hylobius pales (Herbst.)], which will also attack 
newly planted conifer seedlings. 
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Fertilization 
In general returns in increased wood production from fertilization have paid for the cost 
of the treatment. Moreover, when fertilization helps protect from insects, it is an extremely 
desirable and economical control method. Unfortunately, however, the effect of fertilixation 
on forest insect populations is highly variable ; it sometimes even seems to increase popula-
tions. This depends on the tree, the insect species, and the type of fertilizer used. 
How does fertilizer affect defoliators? In general, fert ilizer limits defoliator population 
development and thus the damage. When fertilizer is added, defoliators usually have difficulty 
developing or increasing their populations (Stark, 1965 ; Smirnoff and Bernier, 1973). This is 
thought to occur from a nutrient imbalance in their food (House, 1965). Often, survival of 
foliage feeders is lowest on trees with well-balanced minerals (Gremal'skii, 1961). Schwenke 
(1961) believes deleterious effects of fertilizer on an insect are caused by a lowering of the 
sugar content of the foliage. He assumes the insects can assimilate only a small portion of 
sugars, and thus, when sugars are reduced, malnutrition results. The reverse occurs when 
sugar is increased, as during a drought period. Merker (1970) , taking an opposing viewpoint, 
states that fertilizer elements are incorporated directly into various insect tissues with 
deleterious or fatal effects. 
How does fertilizer affect sapsucking insects? Usually , populations of sapsucking insects, 
especially aphids, increase when mineral fertilizers are added to forests (Nickel, 1973). Amino 
nitrogen appears to be important to sapsucking insects (Kennedy and Stroyan, 1959). Plant 
sap is low in amino nitrogen and, in general, sapsucking insects have overcome this by increas-
ing the "through put" of sap or by selective feeding sites. As a consequence many sapsucking 
pests, including mites, survive better and develop faster on plants with higher nitrogen levels. 
Also, fecundity, as in some aphid species, increases with increased soluble nitrogen levels in 
leaves (van Emden, Eastop, and Way, 1969). 
In one study on the effect of applied foliar nitrogen on the balsam woolly aphid [Adelges 
piceae (Ratz.)] nymphal establishment decreased significantly (Carrow and Betts, 1973). The 
results are contrary to most aphid-fertilizer data, but foliar application of nitrogen was used 
in this study rather than soil application. Schwenke (1967) claims that sapsucking insects are 
more affected by turgor pressure than are defoliators, and because turgor pressure is increased 
with fertilization the increase of such pests is facilitated. 
How does fertilizer affect shoot and stem insects? Here the reaction varies. Bark-beetle 
attack is reduced in fertilized trees, possibly from increased resin production that floods the 
galleries and drowns or asphyxiates the larvae. This in part may be due to increased sap 
pressure (Schwenke, 1967; Weetman and Hill, 1973). In contrast, added fertilizer increased 
damage from twig- and shoot-boring insects such as pitch and tip moths. This effect was 
attributed to increased availability of soft succulent tissues in the fertilized trees (Foster, 1968). 
Weetman and Hill (1973) summarize the possible mechanisms affecting incidence of 
attack subsequent to fertilization as follows : (1) insect development can be affected by 
change in nutrient content of the plant, (2) insect development can be affected by direct 
poisoning from increased toxic substances in the plant, (3 ) changes in resins or essential oils 
can affect insect feeding or attractiveness, ( 4) as tree growth increases some tissues become 
more susceptible or more resistant, and ( 5) a change in osmotic pressure favors or inhibits 
insect development. Single mechanisms or combinations of them may be involved in any 
given situation. 
Water Management 
Irrigation is proposed for some plantings grown under intensive culture. Trees grown on 
poor, dry soils are predisposed to periodic recurrent mass infestations (Zwdlfer, 1957). Many 
investigators recognize that a shortage of water is probably the most important single factor 
creating conditions suitable for insect outbreaks (Stark, 1965 ). Water shortage in the tree 
affects chemical balance and turgor pressure, putting the tree under stress-conditions favor-
able for several pests. Of course, under certain irrigation schedules, too much water would 
also weaken trees and make them susceptible to insect attack. 
Watering from above using a sprinkler should have the greatest impact on reducing the 
numbers of defoliating or sapsucking insects and mites because most of them will not tolerate 
repeated soaking. The incidence of disease, however, is likely to increase because the frequent 
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wet periods are favorable to spore germination. Watering from below may decrease root-
feeding pests somewhat, but would likely have little affect on insects in the crown unless 
there is a drastic increase in tree vigor. 
Plant density 
Plant density following planting could have profound effects on insects depending on 
insect requirements and tree-insect-environment interactions. High density could produce 
stresses from competition, which makes trees susceptible to insect attack. Density, and tree 
growth following planting, will modify edaphic, atmospheric, and light factors that may be 
limiting to one insect and favorable to another. As an example, pine root collar weevil 
populations decrease when crowns begin to close. 
DISCUSSION 
Growing trees in short rotation under intensive culture presents a unique opportunity to 
utilize insect preventive techniques instead of or adjunctive to suppressive techniques. Pre-
vention involves taking advantage of all the factors and relations between tree and site to 
maximize their effects against one or more insect species so that damage to the host is kept 
below a tolerable level, usually an economic limit. Suppression differs in that it entails 
population reduction when the insect or its damage has reached or surpassed the economic 
limit. Suppression, as is done using pesticides, is sometimes necessary but it is usually short 
term and may need repeating. 
Intensive-culture forest plantings, like other agroecosystems, are especially amenable to 
preventive measures because many combinations of plant and site manipulations are possible. 
The question is what kind of manipulations do we need and then which ones are useful in 
solving insect problems? The answer is difficult because the problem is complex and should 
be viewed from a well-coordinated, multidisciplinary approach. Appropriate information 
from forest geneticists, physiologists, pathologists, soil scientists, economists, and other 
forestry-related professionals must be properly integrated to be successful. At the same time 
all concerned must learn the constraints under which they can operate. That is, each must 
determine how far he can go in his own manipulatory practices before his approach becomes 
impractical. 
Much research needs to be done before the problems will be solved. Forest entomolo-
gists will need to define the factors affecting insect outbreaks, then proceed to develop cultural 
practices, with the cooperation of the other disciplines, that build the protective features into 
the planting. Forthcoming plantings will consist of the best species, strains, and clones of 
trees, and insect and disease resistance must be part of the overall tree improvement program. 
Much is yet to be learned, too, about insect-disease associations in such plantings. We must 
be increasingly aware of problems such as tree diseases instigated by insects as vectors and the 
attractiveness to insects of trees whose vigor has been reduced by disease. We must also be 
wary of treatments that may deter one or more insects but may favor other insects or some 
diseases. 
Judicious site preparation and manipulation can prevent many insect pests from be-
coming serious threats. Fertilizer and water tend to increase the vigor and (or) health of the 
tree; in general, insects do not do well on healthy trees. Yet we have seen that certain 
fertilizers can cause increases in populations of sapsucking insects. Such treatments should be 
tested further to determine if lower dosages, different kinds, or new methods of application 
would be practical and not inducive to pest buildup. Recall that foliage applications of 
fertilizer have shown trees to be less attractive to sapsucl:ing insects than are soil applications. 
Most plantings are established with little regard for insect pests at the site. It is senseless 
to plant a stand adjacent to or among similar trees harboring an insect pest unless treated, yet 
this is commonly done. Sometimes a "'.lew planting must be established a half mile or more 
away from an i!lfestation to mal~e it safer from attack (Kennedy and Wilson, 1971). Also, 
grasses present at the site must be destroyed a year or more in advance of planting if they 
harbor white grubs. Thus, by selecting planting sites away from insects or treating the sites 
for destructive insects, the probability of a successful outbreak can be minimized. 
A word of caution: Planted stands composed of certain mixtures of clones, varieties, or 
species of trees may be more susceptible to certain insects than pure stands (Wilson, 1975). 
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Several forest pests are polyphagous but usually prefer one kind of tree as a host. When the 
preferred host is mixed with less preferred ones, the insects attack and build up on the pre-
ferred ones, then injure the less preferred ones more than if planted separately. Until further 
research is done in this area, plantings should be kept as monocultures. 
In conclusion, then, by selecting the right tree and placing it on the right site prepared 
properly for water, edaphic, and nutrient balances-most insects should be prevented from 
becoming serious pests. Suppression may still be needed along with prevention, but most 
likely on only a few pests and . to only a limited degree. 
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MANAGEMENT OF FOMES ANNOSUS ROOT ROT DISEASE 
IN PINE CROPS IN BRITAIN 1 
Brian J. W. Greig 2and Harold S. McNabb, Jr;3 
ABSTRACT. Fames annasus, the most important forest disease organism in Britain, causes 
decay and mortality. The fungus infects stumps by airborne spores and then spreads to 
adjacent trees by root contact. Control can be achieved in first rotation crops by chemical 
and biological stump protection. The disease is a serious problem in the pine forest of Thetford 
Chase, where experiments have shown that stump removal is an efficient control method. 
Stump removal also gives benefits through increased yields and revenues. Management of the 
disease involves study of soil data and surveys to identify the infected crops. Current stump-
removal methods are described. Preliminary cost/ benefit estimates of disease control are 
presented. The implications of root disease for intensive culture systems are discussed. 
INTRODUCTION 
The fungus Fames annasus (Fr.) Cke. causes the most economically important disease of 
plantation trees in Britain and is mainly important in coniferous forests. It has a large host 
range and occurs throughout Europe and North America. More than 80 hosts have been 
recorded in Britain. The fungus is a root pathogen causing decay and mortality. The fruit 
bodies are perennial and occur on old stumps (B-10)4 , logs lying in the forest, and at the base 
of dead or dying trees (A-11). The conks are a rich brown and have a white margin when the 
fungus is active (A-12), a new pore surface being produced seasonally (B-1,2).Rishbeth (1950, 
195la,b) (E-11) demonstrated that the fungus spreads initially by spores (B-3,4) that colonize 
stumps and then spread to adjacent trees by root contacts (C-1). F. annasus does not live free 
in the soil but is confined to roots (C-2) and thus is not present on afforested sites before 
thinning. Root contacts are frequent within plantations, and the disease spreads rapidly from 
stump to tree (B-10,11,12) and from tree to tree (C-1). The fungus can enter first rotation 
crops only, through the stumps created by thinning or felling operations. 
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Experiment Station, Iowa State University, Ames, Iowa, U.S.A. Project 2034. Partial travel 
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Conference on Intensive Culture of Short-Rotation Forest Crops, March 4 and 5, 1975, 
Des Moines, Iowa 50309. 
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3 Professor of Forest Pathology, Iowa State University, Ames, Iowa, U.S.A. 50010; and 
Visiting Research Scientist, Forestry Commission, Pathology Branch, Alice Holt Lodge, 
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DAMAGE AND CONTROL 
Fornes annosus causes losses through decay and mortality. On most soil types decay is 
the major problem inasmuch as the fungus attacks a tree initially through the roots, with stem 
decay eventually reaching a height of up to 6.1 m (B-5,6,7,8). The decay is best described as 
a white pocket rot. Spruces, larches, Western hemlock, and Western red cedar are especially 
susceptible. Pines and silver firs (Abies) rarely are decayed. Decay occurs on sites throughout 
Britain, but is serious particularly on sites in the north and west where much of the productive 
forest is situated. Severe root rot occurs, which frequently leads to wind blow of thetree (A-10). 
Mortality occurs when young trees are planted in infested sites (D-2); losses up to 10% of 
planted stock are common, and most species of coniferous and broadleaved trees can be 
attacked. Greater losses will occur in both first and second-rotation crops on calcareous 
soils in which the pH is above 6.0. In first-rotation crops following thinning operations, 
groups of dead trees may occur up to 36.58 m in diameter (A-10). Diseased trees develop 
characteristic symptoms in the crown, sparse foliage, short needles, and reduced annual shoot 
growth (A-8,9). Extensive mortality mainly occurs in pine forests. The disease spreads into 
first-rotation crops by means of airborne spores (B-3,4) that colonize stumps from thinning or 
clear-felling operations. This can be prevented by treatment of the stumps with chemicals 
immediately after felling, e.g., sodium nitrite, borax, urea, and creosote (Rishbeth, 1959a,b; 
Phillips and Greig, 1970) (C-3). Biological control, an alternative method, can be achieved in 
pine crops by using the competing fungus Peniophora gigantea (Fr.) Massee (Rish beth, 1963). 
P. gigantea is a fungus that occurs naturally in pine woods and competes with F. annosus to 
colonize stumps. It is produced and sold commercially in small sachets (C-4) and is applied in 
suspension to the stumps of pine trees immediately after they are felled (C-5,6, 7) (Webb, 1973). 
Nine to 12 months later, the stumps are covered by fructifications of P. gigantea (C-8) and are 
thoroughly colonized by this fungus (C-9). The application of P. gigantea to stumps will not 
eliminate F. annosus (C-10,11, 12) but will reduce the total amount of inoculum on any site. 
REDUCTION OF FOMES ANNOSUS IN THETFORD FOREST 
Thetford forest is situated in Norfolk and Suffolk counties in eastern England. The forest 
was planted, mainly between 1922 and 1935, on heathland and abandoned agricultural land. 
The area is generally flat, with light sandy soil. Pines account for more than 80% of the plant-
ing (A-3,4). The forest is now reaching economic maturity, that for pine being between 45-50 
years. A clear-felling and replanting program was started in 1960. F. annosus became es-
tablished in the forest in the early 1940's before the biology of the fungus was known and 
before the control measures of stump protection were introduced. Now many areas of the 
forest are devastated by the disease (A-6,7). 
An experiment was initiated in 1956 to examine methods of controlling the disease in 
Scots pine (Pinus sylvestris L.). A 12.14-ha block of 25-year-old pine was chosen for the 
experiment. F. annosus was well established throughout this crop, but damage was not 
devastating. Infection was present on diseased trees, dead trees, and in thinning stumps. Some 
traditional methods for controlling root disease were tested in this experiment, but the results 
showed that killing trees before felling by girdling or chemical poisoning was ineffective in 
controlling F. annosus. Removal of stumps, however, gave excellent results (D-2). Stumps 
were removed from the ground by winches, and, as a result, some of the roots were broken 
and left in the ground. Later techniques using larger machinery have improved the methods 
of stump removal. The experiment had a randomized block design with six replications of each 
treatment. Each plot measured 20.12 m x 20.12 m and contained 225 trees. Each plot was 
assessed annually, and a summary made of the results to date (Table 1) (D-3,4). After 18 years, 
the mean loss percentage in the untreated control plots was 58.9%, whereas the stump-removal 
plot lost only 23.8%; these results are highly significant. Plans of two typical plots were made 
where each square represents a tree, and, as each tree died, the year of death was recorded on 
the diagram. The development of losses can be seen clearly as the groups enlarged year by 
year (Figure 1). 
Incorporated into the experiment was a delayed replanting test. Every 2 years, an addi-
tional set of plots was planted to test whether the inoculum in the old stumps was diminishing 
and if, therefore, fewer trees were killed. Plots that were replanted at a later date showed a 
significant linear trend in diminishing losses, but losses still are occurring 18 years after felling. 
STUMP REMOVAL FOMES 25 .5% 
i Live tree Tree killed by Fornes Year 4 Tree not killed by Fornes 
CONTROL FOMES 64·5°/o 
Figure 1. Running plot diagram of untreated control and stump removal plots showing mortality to year 18. 
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Table 1. Percentage mortality in second rotation Scots pine caused by Fames annasus, from 
years 4 to 18 for untreated control and stump removal treatments. 
Percentage of trees killed by Fornes annasus 
Age of stand 
(years) 
4 
6 
8 
10 
12 
14 
16 
18 
Untreated 
control 
15.8 
38.2 
45.8 
49.9 
54.0 
55.9 
57.7 
58.9 
Stump 
removal 
6.5 
13.5 
16.4 
18.7 
20.2 
21.4 
23.0 
23.8 
Fresh F. annasus conks are being produced on the old stumps, indicating that the fungus still 
is active. With a 6-year-delayed planting period, the losses have been reduced to 30%, and, 
with a 12-year-delayed period, losses are about 12%, compared with 60% for the control plots 
originally planted in 1956. Losses now have virtually ceased in the stump removal plots. The 
early losses in these plots were traced to contacts with small broken segments of roots that 
were not removed. Further experiments to test stump removal were initiated in 1961 to test 
more efficient methods of stump removal, and results from these experiments have confirmed 
the original work. 
The disease not only causes mortality, but also, in severely diseased stands, affects the 
growth of the trees, and measurements from diseased and healthy stands show a significant 
reduction in the diseased stands of Scots pine of about 1 min height growth. This is equivalent 
to one Yield Class, meaning a production loss of 10 m3 over a rotation of 50 years. F. annasus 
spreads by root contact and the disease develops in groups within a stand. If all the deaths are 
scattered as random individuals, then the losses in terms of yield or revenues will be much less 
than if the losses are grouped. For example, in two plots that now have only 69 live trees 
remaining, the difference in discounted revenue (total revenue from thinning and clear-felling 
discounted back to the year of planting) between the plot where the losses are grouped and 
the plot where the losses are scattered is about $175. The combination of mortality and the 
grouped effect has reduced the discounted revenue by about one-third. 
MANAGEMENT CONSIDERATIONS 
The forest now has an annual replacement program of 60,000 m3 , of which 30% is from 
Fames-infested stands. About 1,011 ha of crops are estimated to be infected byF. annasus, 
which must be destumped and replanted within the next 8 years. These diseased areas have 
been identified through surveys that combine aerial photography with the collection of ground 
data. Originally, the areas scheduled for each annual felling program were inspected, and data 
were collected on the soils, tree crops, and F. annasus infection. By ure of a prediction 
formula produced by statistical analysis of data collected from sites felled 15 years previously 
and now replanted, each area was allocated to a disease-hazard category. The sites in the 
greatest hazard category were scheduled for stump removal. During 1971 and 1972 the 
entire Thetford Forest was photographed by using true-color film (D-7), chosen after it was 
shown that as much information was obtainable from this as from false-color photography. 
The aerial photographs were produced at the scale of 0.15 m to 1,609.35 m, the scale used in 
forest-management maps. At this scale it was possible to discern areas in which the stocking 
of the pine crops was low, suggesting that root-disease attack may have been present. These 
areas were then surveyed on the ground to collect the data required to allocate the crops to 
disease-hazard categories (D-8,9,10,11). Because disease risk is greatest on sites where the 
soil pH is above 6.0, soil maps are used to help identify these areas (D-7). About two-thirds of 
the forest lies on calcareous soils (D-5 ). 
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CURRENT STUMP REMOVAL AND REPLANTING METHODS 
The operation of stump removal occurs only at the time of clear-felling; that is, at the 
end of the first rotation of the crop, usually when the trees are about 50 years old. Stump 
removal is essentially an attempt to control the disease at the end of one rotation of trees and 
before the next crop is planted. The trees are felled, and the timber is removed (D-12). Once 
the ground is clear, stump removal is possible. Various methods have been tested; large bull-
dozers fitted with tined blades were first used to push the stumps out of the ground and into 
windrows across the areas. This method resulted in a high ratio of breakage of the horizontal 
roots in particular. Then a wheeled Volvo tractor, the loading arm adapted to push over the 
trees, was tried, utilizing the trees as a fulcrum to lever the root system out of the ground. The 
Volvo then carried 2 or 3 complete trees (roots, stem, and crown) to a central zone where the 
trees were delimbed, and the root-stump mass was sawn off. The Volvo with timber grab was 
used to move both the timber and the root mass away from the site. Studies of roots showed 
that breakage occurred mainly to the vertical roots with this system, but the amount of 
breakage was less than with the bulldozer. The same Volvo tractor was also fitted with a 
double tine, which was used hydraulically to pry stumps out of the ground. This method 
gave the best results in terms of breakage, but the machine had to struggle to remove large 
stumps from the ground, and mechanical damage occurred to the tractor. However, the 
hydraulic-lift method seemed to be the best, and a larger machine is now used-a Massey-
Ferguson, tracked, hydraulic digger. The digging arm is fitted with a single tine, which lifts 
each stump individually out of the ground and dumps accumulated stumps in rough rows at 
the maximum extent of its digging arm (E-1,2). Much of the soil falls away from the stump 
and roots as they are moved. Most of the roots are taken from the ground with very little 
breakage with this method. On an average site, about 400 stumps are removed per 0.405 ha. 
They consist of old thinning stumps and those from the recently felled trees (E-3). All stumps 
now are moved by a Volvo tractor fitted with a tined root blade, and are pushed into rows 
about 36.58 m apart, each row being approximately 4.57 m wide (E4,5,6). Thus, at the end 
of the operation the site is level, free from vegetation, and ready for planting. The area is now 
planted by a Finn tree planter (E-7) to 16-week-old Corsican pine [P. nigra var maritima (Ait.) 
Melville] in Japanese paper pots (E-8,9,10). The planting rows are 2. 74 m apart, with the trees 
2.13 m apart in the rows, giving a stocking of 700 trees per 0.405 ha. About 10 to 13% of the 
land is occupied by the rows of stumps. Plants cost about $16 per 0.405 ha, and the planting 
costs are $12 per 0.405 ha. Experiments on weed control between the rows will be conducted 
in 1975 to compare, singly and in combination, partial and complete cultivation combined 
with herbicide and no-till operations. 
DISCUSSION AND IMPLICATIONS 
The current cost of stump removal is $80 per 0.405 ha. An analysis of the cost-benefits 
of the operation can be made by comparing Net Discounted Revenue (NDR) for healthy crops, 
in which the disease has been controlled by stump removal, with severely diseased crops in which 
no control measures have been practiced. To calculate NDR the total revenue for a crop is 
discounted back to the year of planting, and the discounted expenditure (DE) (i.e., the cost 
of stump removal) is subtracted from the DR to give the NDR. If the site is replanted with 
Corsican pine, no disease develops, and the assumed DR is $500 per 0.405 ha, a diseased crop 
with mortality of around 50% will have a DR of about $300; i.e., $200 less than the DR for 
the healthy crop. But, destumping costs approximately $80, thus yielding a benefit of total 
DR of $120. 
This is a continuing area of research. For instance, different stocking densities effect the 
tolerance of a stand to disease mortality; i.e., with closer original planting spacing, a higher 
level of mortality can be tolerated before affecting yield or the Discounted Revenue. Delayed 
replanting with effectiveP. gigantea stump treatment also may give adequate control (C-10,11, 
12). In a complete stump-removal operation a proportion of the stumps removed is from 
healthy trees, and these stumps could be safely left in the ground and treated with P. gigantea. 
The problem is to identify and separate the two populations of trees ahead of felling; i.e., into 
healthy and diseased trees. Also, adequate control could perhaps be gained by partial stump 
removal; i.e., taking out alternate rows of stumps or perhaps two rows out of three. Finally, 
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alternative land use could be considered; for once the stumps are removed, the site would be 
suitable for other agriculture. Wheat, root crops, or horticultural crops such as bulbs, or indeed 
the intensive culture of woody perennials on these sites could be considered. 
F. annasus has been presented as an example of a root disease that builds up in the stumps 
of first-rotation plantations, then attacks the second and subsequent rotation crops. Although 
F. annasus primarily attacks conifers, it has also been recorded on about 30 broadleaved hosts 
in Britain. In recent trials, Nathafagus abliqua (Mirb.) Bl. (D-6), red oak (Quercus barealis 
Mich.f.), and beech (Fagus sylvatica L.) have suffered severe losses through the disease (Greig, 
1974). Several other root pathogens, for example, Armillaria mellea and Phytaphthara species, 
could cause serious problems in intensive culture systems. If coppicing or suckering is used to 
regenerate the crops, then the stumps would remain in situ for several rotations and be sus-
ceptible to root infection by various organisms. Once root diseases are established on a site, 
control usually is difficult and costly and may adversely effect the economics of crop produc-
tion. 
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REFLECTIONS ON IMPLEMENTATION 1 
Lynn Sandberg 2 
ABSTRACT. Requirements and advantages of intensive culture, especially that modified by 
use of sewage or mill effluent, are presented. 
***** 
Aspen is used for pulping in the Lake States more than any other single species. In 1973, 
48% of all roundwood pulpwood produced in Minnesota, Wisconsin, and Michigan was aspen. 
In Michigan 672,000 cords of aspen were produced in that same year-48% of all roundwood. 
The 1966 forest survey report for Michigan indicates a downward trend of commercial 
forest acreage in the aspen-birch timber type. Northern hardwoods, spruce-balsam, and other 
types are taking over aspen sites after harvest. 
Paper makers could learn to do without aspen, but it does have desirable fiber charac-
teristics for paper and fiber building board. Also, aspen has the advantage of rapid early 
growth, high per acre yields, and ability to reproduce from root suckers. This species is a 
primary candidate for intensive culture in those special situations that might lend themselves 
to that practice. 
With that brief background, let us consider some of the requirements needed to carry 
out intensive culture. They are as follows: (1) level, tillable land; (2) minimum competition; 
(3) available source of irrigation; (4) soil and water conditions that will serve without adverse 
affects; and (5) location near using mill. 
Advantages to a wood-consuming industry are (1) assured source of fiber, (2) uniform 
quality, and (3) reduced freight costs. 
In addition, intensive culture using sewage or mill effluent might prove to be the solution 
for future requirements of zero discharge. Hopefully, high yield and effective methods could 
result in least-cost wood. 
At Mead~s Escanaba, Michigan mill site, a combination of soil, site, topography, and 
ground-water conditions combined with the effluent available from the mill's waste treatment 
system provides an excellent opportunity to test intensive culture on a pilot scale. 
The North Central Forest Experiment Station has designed a 30-acre trial area to try the 
following three alternatives: (1) maximum fiber yield, (2) maximum effluent disposal, (3) 
maximum effluent renovation. 
An area of jack pine land is located on the plant site adjacent to the effluent lagoons. The 
collection of ground-water information was started in the spring of 1974 to narrow the se-
lection to the most usable acreage. Clearing and stumping were accomplished during summer 
and fall, 1974, and the area prepared for plowing. 
Five systems of irrigation have been considered as follows: (1) ridge and furrow, (2) 
graded border, (3) trickle, (4) high spray, and (5) low spray. 
The maximum effluent disposal trial will use the graded border system. The maximum 
fiber yield and maximum effluent renovation trials will most likely use a high-spray system in 
order to continue the irrigation for 5 to 7 years when trees reach 30 feet or more. Odor from 
the effluent may prevent using the high spray, because there is a residential area within one-
half mile. 
1 Presented at the Conference on Intensive Culture of Short-Rotation Forest Crops, March 4 
and 5, 1975, Des Moines, Iowa 50309. 
2 General Manager, Wood-Lands Department, Mead Corporation, Escanaba, Michigan. 
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Planting stock will be furnished by the Institute of Forest Genetics of the North Central 
Forest Experiment Station. Planting and cultivation will be done by Mead and the Station. 
The Station and the University of Minnesota are test pulping some of the aspen clones to be 
used in the pilot project. Harvesting methods are still to be developed. 
Intensive culture in the short term will be limited by the availability of sites that match 
the narrow limits now imposed by the system itself. This pilot project and others will open up 
new approaches and techniques that could make intensive culture an important element in 
the production of fiber supplies for the future. 
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IDENTIFICATION OF 
COST FACTORS ASSOCIATED WITH INTENSIVE 
CULTURE OF SHORT-ROTATION FOREST CROPS 1 
Dean S. DeBel/ 2 and Jan C. Harms 3 
ABSTRACT. Intensive management of short-rotation crops will be highly expensive and must 
be evaluated carefully. Factors affecting costs of producing these fiber crops are identified 
and discussed . Estimates of costs are provided on a per-acre basis. 
INTRODUCTION 
Intensive management of short-rotation forest crops will be highly expensive. Whether 
the fiber added as a result of certain intensive cultural practices is of sufficient value to 
warrant large expenditures remains to be determined. Data on the differences in growth 
increment from various combinations of practices are not available. However, costs of speci-
fic practices and combinations thereof can be estimated. One can then determine yields needed 
to justify the costs. The purpose of this paper is to discuss individual cost factors, thereby 
providing a framework for Rose's (1975) economic analysis of short-rotation systems. Given 
this objective, we will 
(1) identify or describe the costs associated with various intensive cultural practices, 
(2) discuss some of the factors that influence costs of specific practices, and 
(3) list the ranges in costs of practices that have been estimated or determined by other 
workers. These costs will be expressed in dollars/acre. 
THE COSTS 
Most of the cost estimates presented in this paper come from the agricultural sector or 
from today's forest management practices in the southern United States ; such estimates are 
based on solid data. Other cost estimates (especially costs associated with planting and 
harvesting of great numbers of plants at dense spacings) involve more guess-work. We are 
indebted to several industrial land managers, equipment manufacturers, suppliers, and county 
agents who provided data, personal estimates, or both of various costs. In this paper the data 
and estimates are in terms of cost ranges (1) because considerable variation does exist and (2) 
to preserve the confidentiality of information provided by industrial land managers. 
Money Costs 
What magnitude of .return on investment is needed to justify a given expenditure? This 
rate is generally set by top management and depends on the options available for invest ing 
funds and their associated risks. Companies now require a 15-to-20-% return on investment. 
If we assume a 9-% inflation rate, this yields an effective return of 6 to 11%. Because opera-
tional-scale experience is very limited with intensively cultured, short-rotation crops, the risk 
of failure may be higher than with conventional forest management. Thus, the higher rate of 
return (20%) probably is more appropriate. 
1 Presented at the Conference on Intensive Culture of Short-Rotation Forest Crops, March 4-5, 
1975, Des Moines, Iowa 50309. 
2 Project Leader, Pacific Northwest Forest and Range Experiment Station, Forest Service, U.S. 
Department of Agriculture, Olympia, Washington 98501 ; formerly Research Forester, Crown 
Zellerbach Corporation, Camas, Washington 98607. 
3 Planning Systems Forester, Crown Zellerbach Corporation, Portland, Oregon 97200. 
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Land Costs 
To assess land costs, we must first decide what kind of land is desired for intensive culture 
of short-rotation crops. One should generally be looking at gentle lands located near mills 
-gentle because short-rotation systems are highly mechanized , and near mills to minimize 
transportation costs. Since mills are usually located along rivers, one will usually be looking at 
lands in a flood plain or on first terraces~in other words, river-valley land. 
Because of the high cost of complete clearing of forested land and because of the abun-
dance of marginal agricultural land in such areas, marginal farm lands appear to be the most 
appropriate for short-rotation crops. Some important changes in the last few years have 
complicated the picture, however. The competing land use is no longer just "pasture". 
Uri'u.sually high prices for hay, wheat, and other crops have made crops profitable ori many 
lands that produce submarginal yields. This change has had a considerable impact on rent or 
lease rate of land. Also, purchase of large tracts for recreational purposes by outdoor groups 
has led to increased land speculation in some areas. 
For these reasons it is difficult to generalize about land costs. They will vary greatly 
for different mill sites, even within the same region or river valley. Some ranges in costs that 
one might encounter for suitable lands are shown in Table 1. These costs are based on general 
discussions with county agents. There is usually a trade-off between land costs and the need 
for investments in land preparation (clearing, drainage, and roads). Also, securing leases for 
periods exceeding 10 years may be difficult. 
Table 1. Estimated Costs to Purchase and Lease Land Suitable for Intensive Culture of 
Short-rotation Forest Crops. 
Nature of Cost 
Purchase 
Rent (Annual) 
Low 
dollars 
200 
10 
Land Preparation Costs 
Cost/Acre 
Average 
dollars 
800 
40 
High 
dollars 
1,500 
100 
Listed in Table 2 are most, if not all, of the possible preparation costs for various kinds 
of land. All these costs will not be incurred on any given tract . Clearing, raking, and burning 
would not be necessary on crop or pasture land, for example. With forest and some brush 
land, utilization of existing wood fiber can reduce the effective land preparation costs. In 
river valleys the land is often broken up with minor drainage ways and old sloughs and may 
contain pockets of water after rains. Field size can be increased substantially by some drain-
age and leveling work. Also, some road improvements may be needed. 
Table 2. Estimated Costs for Various Land Preparation Activities. 
Description 
Clearing 
Raking 
Burning 
Drainage, Leveling, and Minimal Roading 
Plowing 
Disking 
Subsoiling 
Applying Herbicides 
Herbicide $2-$5/lb- 2-4 lb 
Cost/Acre 
dollars 
40-200 
8-12 
2-4 
50-100 
8-15 
4-8 
8-12 
1-4 
4-20 
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Plowing, disking, and possibly some herbicide costs will be incurred in most situations. 
However, total per-acre costs may vary from $5 (i.e., only disking is needed) to more than 
$300, depending on the needs of the specific site. 
Planting Costs 
Cost of planting the fiber crop may be among the highest encountered among those costs 
that occur only once during a production period. This cost will vary with spacing as seen in 
Table 3. Because cost estimates listed are somewhat higher than costs presented by Dutrow 
(1971), some explanation is in order. The cost of cuttings or seedlings averages $16 to $20/1000 
at nurseries in several regions of the United States and Canada. Current (1975) costs for 
machine-planting in the southern United States average 1.22 cents in the coastal plain and 
2.32 cents in the Piedmont when more than 900 seedlings are planted per acre (Moak and 
Kucera, 1975 ). If we assume an average cost per seedling of 1.8 cents, a 61 by 6 1 spacing could 
be planted for about $22/acre. Our estimate for the 6 1 by 6 1 spacing is therefore listed as $20 
to $25/acre. Some efficiencies are assumed in cost estimates for spacings more dense than 61 
by 6 1• The increase in costs therefore is not linear; rather, costs increase in a manner similar 
to that assumed by Dutrow (1971). 
Table 3. Estimated Planting Costs for Selected Spacings. 
Cost/Acre 
Approximate 
Spacing Trees/Acre Trees Planting Total 
feet number dollars dollars dollars 
lx4 10,890 170-210 60-70 230-280 
2x4 5,445 85-105 40-50 125-155 
4x4 2,722 43-55 30-40 75-95 
6x4 1,815 29-36 25-30 55-65 
6x6 1,210 20-24 20-25 40-50 
Even if planting costs did not vary except for the cost of the stock, there is a large 
differential in costs from spacing ($150 or more per acre). This difference plus a number of 
other factors (reduced mortality, increased product size, and perhaps added efficiencies of 
mechanized systems) probably will tend to encourage planting at spacings of 41 by 4 1 or wider. 
New and different techniques could greatly reduce planting costs. Because successful 
methods have yet to be developed, we feel more comfortable with the high and therefore 
conservative figures listed in Table 3. 
Management Costs 
The estimated costs of various management activities are given in Table 4. Intensive 
culture of short-rotation crops will surely require weed control-at least in the early stages of 
establishment. More often than not, fertilizer applications will be required to maintain 
optimum growth rates. At current prices fertilization can be a major cost factor. Nitrogen-
fixing species such as red alder and European alder are therefore rather promising candidates 
for short-rotation systems. Control of disease, insects, and animal damage may also incur 
additional costs. Finally, in selected areas the use of irrigation or application of municipal 
and industrial waste water may become standard practice. In the latter instance a portion of 
the system installation and operation costs should be charged against the waste-treatment 
function. 
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Table 4. Estimated Costs of Various Management Activities. 
Practice Method 
Weed Control Disk Cultivation 
Mowing 
Herbicide Application 
Herbicide 2-4 lb/acre@ $2-$5/lb 
Fertilization Application 
Insect, Disease, and 
Animal Control 
Nitrogen (100-300 lb/acre@ 8-33<i/lb N) 
Potassium (50-100 lb/acre @ 8-lO<i/lb K) 
Phosphorus ( 40-100 lb/acre @ 25-35<i/lb P) 
Irrigation or System Installation 
Application of 
Waste Water Operation and Maintenance 
General Administrative 
Costs 
Harvesting Costs 
Cost/Acre 
dollars 
4-8 
4-6 
1-4 
4-20 
1-10 
8-100 
4-10 
10-35 
4-5 
200-800 
20-50 
1-3 
Harvesting costs are best discussed in relation to rotation length. The length of rotation 
will be determined by a number of factors-growth patterns of the species-spacing-culture 
combination, product values, management costs, and discount rate. 
We suspect that rotations for most intensively cultured, short-rotation crops will range 
between 4 and 10 years. However, in Table 5 we have listed average costs for rotations of 
less than 3 years and more than 3 years. The cost breakdown in Table 5 was used for the 
following two reasons: 
1. The transition between two totally different harvesting systems probably occurs at 
3 years (the modified silage harvester would be used for rotations under 3 years), 
and a scaled-down felling, bunching, skidding, and chipping operation would be 
used for rotations over 3 years. Rose (1975) based his economic analyses on these 
rotations and we have followed his example. 
2. There may be considerable value in a management regime composed of both rotation 
lengths. For example, it might be financially and biologically advantageous to make 
the initial harvest at 3 years or less even though subsequent harvests may be at 4- to 
10-year intervals. Reasons for early initial harvest might be 
a. early return of at least a portion of the high costs of establishment, 
b. stimulation of multiple stems on individual stumps through sprouting (this 
may, in fact, be very desirable if we go to wider spacings), and 
c. the need for fiber now. 
Table 5. Estimated Costs for Harvesting and Hauling Fiber Produced by Short-rotation 
Culture. 
Rotation Length 
~ 3 years 
> 3 years 
Method 
Modified Silage Harvester 
Hauling by Van or Wagon 
Felling-Skidding 
Chipping 
Hauling by Van 
Cost/Acre' 
dollars 
18-200 
30-150 
120-380 
80-180 
120-300 
1 Assumptions: (1) Growth rates of 4 to 5 ovendry tons/acre/year; (2) ranges based on 5 to 15 
ovendry tons/acre for rotations of 3 years or less, and 20 to 30 ovendry tons/acre for 
rotations exceeding 3 years; and hauling-cost estimates based on a 45-mile haul. 
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Hauling Costs 
Per-acre, hauling-cost estimates corresponding to the two rotation classes also are shown 
in Table 5. These costs obviously will vary with per-acre yield, hauling distance, and quality 
of the road system. 
Additional Production costs 
Costs for rejuvenation, regeneration, or rehabilitation may occur at the end of a rotation. 
Some estimates are presented in Table 6. 
Table 6. Some Additional Costs Incurred at the End of a Rotation. 
Item Description Cost/Acre 
Rejuvenation Use same stumps; weed control; 
possibly fertilization 
dollars 
10-40 
Regeneration 
Rehabilitation 
Establish new stumps ; may be more or less 
than original land preparation and planting 
costs 
Lease ends ; farmer wants fields back in 
original condition (e.g., improved pasture) 
60-80 (land 
preparation) 
plus 
40-280 
(planting) 
60-80 
Rejuvenation costs are additional expenses that may be associated with coppice repro-
duction after harvest-probably weed control by cultivation or herbicide application. Dutrow 
(1971) estimated $7/acre in 1971 ; however, today we would spend from $10 to maybe even 
$40/acre if fertilizer is part of this treatment. 
Regeneration costs would involve more or less of the expenditures needed for the original 
land preparation and plantation establishment. They might vary from $100 to more than 
$300/acre, depending on spacing and problems encountered. 
If land is leased, it may need rehabilitation to its original condition (e.g., improved pasture) 
at the end of the term. This, too, should be considered as a cost, though it may fit into the 
land cost category ($60-$80/acre). 
Processing Costs 
When the chips reach the mill, the mill manager may be faced with several problems 
above and beyond those encountered with conventional fiber sources. 
Because of the high likelihood of additional processing costs and essential changes in 
processes, it is extremely important that forest managers and mill managers work closely in 
developing a total system for production and utilization of short-rotation fiber crops. 
The reasons for adding processing costs for juvenile, barky chips of northwestern hard-
wood species were documented in a paper by Schmidt and DeBell (1973) and were again 
discussed at last year's conference (DeBell, 1975). Briefly, the added costs may include the 
following : 
1. Storage-the barky chips of juvenile material probably contain greater amounts of 
food substrates for micro-organisms. Thus, we can expect increased problems of 
microbial degradation. Undoubtedly, there are ways to reduce this problem, but 
costs will increase. This aspect also impinges on another problem-that of a possible 
need to curb harvest in late spring and early summer because of reduced sprouting 
vigor during this period. If we can't store the juvenile barky chips for long periods, 
we probably will need another fiber source for the slack period. 
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2. Chip debarking-bark can be removed in the cooking and cleaning steps, but it may 
be less costly to remove the bark initially with the compression debarking process. 
This, too, will incur some costs and some wood loss. 
3. Lower production in mills limited by capacities of digestors or recovery furnaces. 
4. Additional chemicals per unit of pulp produced. 
5. Added costs or decreased production on paper machines. 
Estimates are not available for each of these specific additions to processing costs. The 
effects will vary with individual mills and for different species and end-products. In general, 
however, we can say that the value of juvenile, barky chips to a pulp mill may be only about 
80% or less of the value of conventional chips. Thus, if current prices for conventional chips 
are $25 to $55/ovendry ton, realization for juvenile, barky chips produced by short-rotation 
systems may range from $15 to $45/ovendry ton. 
CONCLUDING REMARKS 
Now that we have examined the costs, we are eager to know whether a highly intensive, 
short-rotation culture will likely pay. Rose's (1975) analysis will tell us what yields we must 
attain to justify various expenditures. Forest biologists can then speculate on whether the 
growth increments needed are possible and can conduct experiments on the more likely 
alternatives. This is a necessary and most appropriate strategy for the short run. 
However, we must remember that highly intensive, short-rotation culture is expensive in 
energy requirements as well as dollars. Because our resources (energy and dollars) are limited, 
we need to evaluate short-rotation culture and concomitant utilization practices carefully and 
in terms of a much larger picture-that of management of our total resources. Depending on 
who we are, the picture may include the total resources of one corporation, one region, or 
even one country. In the long run we need to (1) improve our information base relative to 
short-rotation culture as well as other management systems, (2) examine opportunities on all 
our forest lands, and (3) develop an integrated forest production and utilization package that 
will yield the greatest benefits for our employers and for society in general. 
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ECONOMIC INVESTIGATIONS OF 
INTENSIVE SILVICUL TURAL SYSTEMS1 
Diet mar W. Rose 2 
ABSTRACT. Cost information for intensive culture activities was collected for economic 
analyses of these systems. Minimum required value yields per unit of area that would cover 
all costs of the operation on the same acreage were derived via break-even analyses. A simula-
tion program was used to test the effect and interactions of various factors that influence costs. 
Minimum required value yields were shown to differ greatly for various management situations, 
and factors to which break-even yields are especially sensitive were identified. 
INTRODUCTION 
Currently, the United States and other industrialized nations are experiencing increased 
demand for land and the need for increasing per-acre productivity (Table 1). Because of the 
global nature and interconnections of population, resource, and environmental problems, the 
problem of increased land productivity takes on greater significance as both domestic and 
foreign demands increase. And, as demands for land become more varied, there is a con-
comitant increase in land-use conflicts. Forest and agricultural production and other uses 
could conceivably compete for a given area of land. 
Trends indicate increasing demands on a decreasing land base with requisite productivity 
per acre increases in all sectors. Both public and private forest lands currently are under in-
creasing pressure to provide more recreational, aesthetic, and watershed benefits. Urban 
expansion and rural development are using ever-greater amounts of forest land, often to the 
exclusion of timber harvest. At the same time wood-using industries are becoming concerned 
about wood supplies, and now show increasing interest in concentrating raw material pro-
duction on fewer acres close to mill sites, making them less dependent on outside suppliers 
and allowing greater management flexibility. Other economic factor$, including increasing 
land taxes and greater competition for land and existing wood supplies, are largely responsible 
for this change in industry attitudes. 
Although agricultural productivity per acre has been greatly increased over the past 
several decades, we have no accompanying increase in our ability to produce greater per acre 
yields of wood products. To meet the challenge posed by the smaller land base available for 
all photosynthetic production, more efficient methods of wood-fiber production, some per-
haps radically different from those employed in the past (Larson and Gordon, 1969; Gordon 
and Bentley, 1970; White, 1973) will be necessary. The development of comprehensive 
methods for producing high per acre yields of wood fiber under intensive cultural conditions 
over short times is one of the basic strategies available to maintain wood-fiber raw material 
supplies in the face of this increased pressure. Empirical trials with the objective of greatly in-
creasing per acre fiber yields have been underway for some time in the south east (e.g., 
McAlpine et al., 1966; McAlpine and Brown, 1967), and advocated elsewhere (Schreiner, 
1 Research supported by Io~a State Agricultural and Home Economics Experiment Station 
Project 1950 and University of Minnesota Agriculture Experiment Station Project 1945. 
Presented at the Conference on Intensive Culture of Short-Rotation Forest Crops, March 4 
and 5, 1975, Des Moines, Iowa 50309, Article is Minn. Scientific Journal Series 9240. 
2 Assistant Professor of Forestry, College of Forestry, University of Minnesota, St. Paul, 
Minnesota 55455. 
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1970; Young, 1972;Smith and DeBell, 1973). The implications of such wood-fiber production 
systems must be carefully analyzed for biological feasibility, economic impact, and social 
impact. 
Table 1. Land Supply and Selected Demands 
Land Use (Acres/Capita)a 
Man-made structures 
Agricultural land 
Forest land 
Total recreation land 
Waste land 
Demands (Per Capita) 
Recreation (days)a 
Energy consumption (M.BTU)a 
Forest products (cu. ft.)b 
Lumber 
Plywood and Veneer 
Pulp 
Total Demand 
1967 
.50 
5.64 
2.66 
1.76 
2.59 
36.8 
30.2 
5.5 
20.1 
58.3 
1970 
.49 
5.22 
2.55 
1.66 
2.38 
310.3 
29.8 
5.9 
21.5 
59.5 
1980 
.44 
4.38 
2.00 
1.55 
2.25 
56.0 
414.9 
28.9 
7.0 
26.3 
64.5 
2000 
.48 
3.11 
1.63 
1.34 
1.29 
110.00 
667.9 
22.8 
6.8 
35.9 
66.5 
aFrom: Ridker, R. G. ed. 1972. Population Resources and the Environment. U.S. Govern-
ment Printing Office. 
bFrom: U.S.D.A.Forest Service. 1973. The outlook for timber in the United States. Forest 
Resource Report No. 20. 
Benefits from successful development of intensive silvicultural systems can reach beyond 
the provision of a supplemental source of raw material for the wood-fiber-using industries. 
The increased use of solar energy to provide raw materials is of increasing importance in the 
national world economy, particularly because of increased interest in solar energy conversion. 
More efficient conversion of solar energy into wood fiber would help meet a variety of 
national needs that are currently receiving much attention and will receive more in the future. 
A regional and national shortage of wood fiber for conversion to conventional paper, fiber-
board, and particle-board products is forecast for the near future (Hair and Ulrich, 1969; 
Dawson and Pitcher, 1970). The world competition for raw materials that has become so 
visible during the past year, reinforces these earlier projections. Several authors have sug-
gested that greatly increased per-acre yields are possible (Gordon and Bentley, 1970 ; Larson 
and Gordon, 1969; Loomis and Williams, 1963) and with increased per-acre yields, wood 
use becomes more economical not only for the manufacture of fiber products (Dutrow, 
1971; Olawoye, 1972) but also for the generation of electricity (Szego and Kemp, 1973) 
and the production of fuel (Reed and Lerner, 1973). Indeed, the large-scale use of protein 
from woody plants for feed and food has been suggested (Pirie, 1968). 
In addition, "woody plant agrisystems" could be used to dispose of thermally or chemi-
cally polluted waste water (Cone, 1972; Sopper, 1971). Concentration of raw material and 
food production, with accompanying release of land for life-support uses is one land-use 
mode put forth (Odum, 1969) as both energetically and ecologically sound. If high rates of 
raw material production can be obtained with concomitant life-support benefits, as in waste-
water disposal, land use is optimized from a social-welfare aspect. 
The ability to produce more fiber per acre could be effective in reducing land-resource-
use conflicts by reducing the need for increased production on forest lands currently managed 
under a multiple-use philosophy. 
To evaluate the usefulness of woody-plant agrisystems, detailed study is needed as to the 
biological and economic feasibility of such systems and the potential social and economic 
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impacts. The specific information needed to develop a woody plant agrisystem can be divided 
into the following five research areas: (1) growth and yield, (2) harvesting and transportation, 
( 3) conversion, ( 4) economic analysis, and ( 5) regional impact. For optimal production de-
cisions, input from all research areas is required. Studies in the first four areas are underway, 
but the information is still far from satisfactory. 
Yield is a function of a large number of factors, and available information represents only 
a few points on the multidimensional production surface. Data on tree growth will hopefully 
become available in much shorter periods than for traditional forest stands. Because of the 
short production periods, there is great potential for development and verification of logical 
stand-growth simulation models capable of yield predictions for various locations, clones, and 
treatments. One such attempt at growth simulations has shown very promising results 
(Promnitz and Rose, 1974). 
Product values also are difficult to estimate because only little is known about the fiber 
characteristics of short-rotation crops. Furthermore, markets for fibers from short-rotation 
crops for pulp and paper or energy production purposes are just beginning to open. 
With our limited information 0n yields and product value, the traditional economic-
planning tools such as marginal analysis or budgeting of anticipated costs and revenues cannot 
be applied. Our preliminary investigations have focused, therefore, on the cost of intensive 
cultures alone and dealt with economic feasibility of intensive cultures from the producer's 
point of view. Social costs or benefits of private production decisions were not considered in 
this study, although they might ultimately be of major significance for optimal social-
production decisions. Intensified management on reduced acreages could resolve many 
emerging resource conflicts by freeing areas for other than timber production, and provide the 
type of benefits described earlier. 
ECONOMIC ANALYSES OF INTENSIVE CUL TURES 
Before we can analyze the economic potential of intensive silviculture, we must define 
intensive culture. One definition of intensive culture could be the management of forest 
crops in an agronomic mode. It includes generally the application of practices such as 
fertilization and irrigation to densely spaced, rapidly growing hardwood species for short 
coppice rotations. Usually, intensive site preparation and cultivation are necessary for high 
yields and good plant survival. Production will be highly mechanized and will involve many 
of the techniques applied in agriculture. The execution of various production steps (Table 2) 
will depend on local conditions and prnduction objectives; many of the activities will be 
necessary for successful intensive culture of woody species (Briscoe, 1969). 
Our analyses will not be restricted to this concept of intensive culture. Longer rotations 
and less intensive management practices can also be examined with the analytical model 
developed for this study. 
This study attempted to answer some of the basic economic questions primarily through 
the use of break-even point analyses. The essence of such analyses is to determine, for given 
locations and costs, the magnitude of value yields required to just cover all incurred costs, i.e., 
to make the system economically feasible and competitive with alternative land uses. The 
better the information on costs or on possible ranges of these variables, the more useful are 
calculated break-even points for production decisions. Feasibility could be defined in a variety 
of ways. It could be the yield for which costs and returns of the agrisystem cancel each other, 
or for which a stated rate of return or profit can be obtained, or it could consider feasibility 
as the requirement that the system is competitive with various alternative land uses. 
Break-even analyses will be most complex, but also most useful for the situation in 
which feasibility means competitiveness with other uses. It requires accurate estimates of 
financial variables for both the proposed agrisystem and the alternative use systems, thus 
requiring increased computational and informational complexity. If the sensitivity of break-
even points to various costs components is being tested by a partitioning of the costs, identi-
fying the most critical factors that influence the economic feasibility of an agrisystem and 
testing the sensitivity of break-even points mainly for those components of costs that are 
most uncertain or most difficult to estimate will reduce the otherwise extremely large number 
of required iterations. These analyses will lead to break-even point matrices that can afford 
answers to specific questions about the feasibility of intensive cultures with respect to harvest-
ing costs, transportation costs, and other factors. Such analysis must also consider alternative 
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uses of the product itself because product values could conceivably differ substantially among 
the potential markets for woody materials. 
Table 2. Activities and Machines in Intensive Silviculture 
Activities Machines 
Site Preparation 
1 land clearing 1 caterpillars, dozers with K-G or V-blade, 
root rakes, rolling choppers, root plows, 
2 raking, piling, windrowing cleaning rakes 
2 tractors 
3 burning 
3 plows, disks, harrows, rotary hoes 
4 plowing 
4 sprayers 
5 disking 
5 tree shears, feller-bunchers, grapple 
6 application of pre-emergence herbicides skidders 
Planting (horizontal or vertical cuttings; containerized stock) 
1 planting machines 
(with hand operations) 
2 partially automated planting machines 
Cultivation 
1 weed control (mechanical, chemical) 1 tractor (sprayer, harrow) 
2 disease control (fungicides , insecticides) 2 helicopter 
3 fertilizer application 3 fixed-wing aircraft 
4 irrigation 
Harvesting 
1 felling, bunching 1 forage harvesters 
2 skidding, decking 2 feller-bunchers 
3 chipping 3 skidders (grapple) 
4 loading 4 chippers 
5 chainsaws 
6 fuel and maintenance trucks 
Hauling (as round wood or chips) 
1 trucks, hauling vans 
2 tractors 
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COSTS OF INTENSIVE CUL TURES 
Currently, few estimates of production costs are available (Briscoe, 1969; Dutrow et aL, 
1970;Dutrow, 1971;McKnight, 1970;0lawoye, 1972) and extreme caution must be exercised 
in applying any recorded cost figures. Frequently, the specific circumstances of a production 
study are not specified or do not apply. Costs exhibit large variations for different locations 
and are influenced by the scale of an operation, production alternatives, and machines chosen. 
Cost figures become outdated quickly from strong inflationary trends and changing techno-
logy. Economic analyses require a knowledge of today's production technology and costs and 
take into account the major factors of such intensive production systems and their interactions 
(Fig. 1). Because both yields and costs are influenced by the same factors, the analysis must 
recognize the importance and impact of trade-offs that occur once decisions are made about 
these production factors (Fig. 2). 
Lo cat ion .,_ ___________ -i 
Scale of Operation 
Plant Material 
._-----~Rotation 
Fig. 1. Major factors of production in intensive silviculture and their interactions. 
Costs have to be estimated for each intensive-culture activity (Table 2). Because mecha-
nization will play a substantial role in such cultures, the problem is to estimate machine 
operation costs for various activities, scales of operation, and specific site conditions. This 
estimation presents a complex problem because implement performance, power availability, 
timing of operations, machine selection, replacement, maintenance, and scale of operations 
influence costs. Also, economic feasibility of intensive culture could to a large extent depend 
on the decision-making activities that apply to aspects of machine use. 
Many of the activities in intensive culture are the same as in agricultural production and 
require similar types of machines (Table 2). To derive short-run average cost curves for various 
machines and machine packages (Fig. 3), specific information about the machines such as 
price, trade-in value, horsepower, repair rates, fuel consumption, etc. was collected. Such 
curves illustrate how per-unit costs change with different levels of operation. The relation of 
of cost economies to size of intensive cultures is of special interest because cost economies will 
likely be greatest in large units and with full utilization of machinery. 
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!Location I 7-----
/ 
/ 
/ 
Scale of 
Operation 
Transportation 
Costs 
Figure 2. Influences of production factors on cost components in intensive silviculture. 
In examining the effects of mechanization and size on cost economies, pure-scale adjust-
ments in which each factor changes proportionally must be distinguished from dispro-
portionate adjustments (Heady et al., 1955; Ihnen and Heady, 1964). Pure-scale adjustments 
can result in either equal or unequal per-unit costs (constant returns to scale or decreasing or 
increasing returns to scale, respectively). Most of the size adjustments in intensive culture will 
be of the disproportionate type, i.e., some resources (e.g., machines) are held constant while 
others (e.g., acreage) are increased. Such adjustments will lead to lower per-unit costs if the 
decline in fixed costs is greater than any increase in variable costs per unit. The decline in fixed 
costs per unit obviously is a result of these costs being spread over more units. · 
The short-run average cost curves (Fig. 3) illustrate such disproportionate adjustments; 
various tractor-plow combinations are held fixed while acreage changes. Cost per acre de-
clines over all acreages because fixed costs are spread over more acres, whereas variable costs 
tend to be constant; cost per acre is based on near-linear relations (Heady et al., 1955 ). 
Two tractor-plow combinations at two production rates (good and bad working condi-
tions) are illustrated in Fig. 3. In comparing, for example, the two combinations at the low 
production rate, it is seen that on small acreages the cost/acre will be greater for combination 
3 than for 1; for larger acreages, however, cost economies will result in lower per-acre costs 
for combination 3. 
Under good working conditions the small machine combination (2) will be the most 
efficient over the total range of acreage illustrated in Figure 3. 
Curves for cost per unit of product would show similar characteristics as the curves in 
Figure 3 (Fig. 4). The curves SAC represent short-run cost curves for various machine combi-
nations. As increasing productivity is realized for the variable factor, or. as fixed costs are 
·spread over a greater output, the cost per unit of output declines. But contrary to the curves 
in Figure 3, costs per unit of product may eventually rise because operation of a machine 
(combination) on an increasing acreage will eventually lead to untimely operations with re-
sulting lower per-acre yields and higher operating costs. Cost per unit of product increases as 
soon as yield sacrifices and operation cost increases offset further declines in fixed-machine 
cost per unit. Estimation of yield reduction from untimeliness in field operations was not 
possible at this time. 
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Figure 3. Cost curves for two tractor-plow combination under two performance rates. 
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A different short-run curve exists for each level at which identical factors may be held 
fixed (e.g., two or more tractors instead of one) or for each possible form of fixed factors 
(e.g., a large tractor as compared to a small tractor). Out of an entire family of short-run cost 
curves , one particular curve has a minimum point lower than that of any other curve (Fig. 4, 
point a). At that point representing the optimum production level the indicated output could 
be produced at lower per-unit cost than with any other factor combination. 
A long-run cost curve for which no single resource is fixed can be constructed for any 
family of short-run cost curves. It is the "envelope" of the short-run cost curves; i.e., it is 
tangent to each single curve at one point. Individual short-run curves that have their tangency 
either to the left or right of their minimum point would represent nonoptimal factor combina-
tions. The short-run curve that is tangent to the long-run curve at its minimum point is the 
optimal factor combination; short- and long-run average costs are minimal at that point. 
For the cost-per-acre curves, minimum points can not be found because the curves will 
continue to decline with increasing acreage (Fig. 3). A minimum point could be defined, 
however, at the maximum acreage a machine (combination) could handle over an available 
period under typical weather conditions. These minimum points are indicated in Figure 3 for 
the four machine combinations, assuming a 250-hour time constraint. Minimum per-acre 
costs would be achieved at 300, 750, 725, and 1575 acres for combinations 1, 2, 3, and 4, 
respectively. The cost differences at these "engineering optima" are substantial. For this 
family of short-run cost curves, the optimal production level (acres) and best machine combi-
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nation are 1575 acres and combination 4 , given the above time constraint and assuming that 
variable costs per hour of operations and yields/acre do not change as long as the time con-
straint is not exceeded. 
If information on operation costs for all machines that are feasible in intensive culture 
can be collected, construction of long-run average cost curves can be attempted. Such a long-
run cost curve would become the planning tool for a firm . It would indicate the level of all 
production factors at the optimal size. As soon as inputs are fixed , the corresponding short-
run cost curve alone is relevant ~or production decisions. 
BREAK-EVEN ANALYSES 
A simulation program was developed so that large numbers of management situations 
could easily be evaluated, and sensitivity analyses on critical cost factors that are difficult to 
estimate could be carried out. A users ' manual has been writ ten by the author and is available 
upon request. It describes the required and optional inputs for the computerized, cost-
accounting system. 
Information on 25 agricultural machines has been collected thus far and can be used to 
derive per-acre cost for any scale of operation for any machine or combination of machines. 
Production rates for many of the machines were derived from agricultural experiences under 
various conditions of soil and terrain. Costs of materials such as fertilizer, insecticides, fungi-
cides, and planting stock were obtained by personal communication with agricultural exten-
sion personnel in Ames, Iowa and from the North Central Forest Experiment Station in 
St. Paul, Minnesota. 
The minimal value yield per acre required to cover all production costs can be calculated 
in the following two ways, each of which gives a useful description of break-even requirements 
(Table 3): 
(1) minimal required value yields per acre at the time of the harvest 
(2) minimal required annual value yield per acre calculated as the annual 
equivalent of presently required value yields 
The appropriate calculations were performed for the first , second , and total period. The first 
period comprises all costs from initial establishment to the first harvest; the second period 
covers the costs encountered after the first coppicing up to the harvest of the coppiced stand 
(Note: by assumption, the third, fourth, fifth, etc. periods have identical costs and, therefore, 
break-even points as the second period because the coppice stands are treated the same in 
each period.) Break-even yield calculations for the total period are based on all costs occurring 
from initial stand establishment to the harvest of the last coppice rotation. Total-period re-
quired yields, therefore, must decrease with increasing number of coppices. First-period, 
break-even yields will always be higher than those for consecutive periods or total period 
because major expenditures (e.g., site preparation, planting) occur during the initial phase. 
Table 4 contains the result of 21 simulation runs and Table 5 describes machines, machine 
rates, and various costs utilized in the simulation. 
The first three runs demonstrate how the scale of an intensive culture operation affects 
break-even yields. Economies of scale are realized with increasing acreage; they become less 
pronounced as size increases, due to the asymptotic nature of short-run cost curves. With 
U-shaped cost curves diseconomies of scale would become apparent at some point. Stronger 
scale effects would probably prevail for the more expensive , forest-harvesting machinery. 
The number of coppicings possible with one planting exhibits one of the strongest 
influences on break-even points (runs 4 and 5). The more often a stand can be coppiced, the 
less frequently the very high land preparation costs have to be borne. 
Runs 6 and 7 show the effects of changing time preference (discount rate) and obtain-
able product values, respectively. Break-even yields are very sensitive to the discounting 
factor, and required physical yields change inversely proportionally with product values, i.e., 
a doubling in obtainable sales revenue will cut physical yield requirements in half. 
Time constraints for a given machine (combination) determine the minimal possible 
unit cost at which the machine (combination) can operate. Machines with high performance 
rates (acres/hour) will be less sensitive to changes in available operating time than smaller 
machines with lower performance rates. Runs 8, 9, and 10 examine the effect of such time 
constraints on intensive-culture activities. A 100-hour constraint limited substantially even 
the small machine combination (run 8), whereas 400 hours (run 1) only slightly constrained 
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plowing and forage harvesting. Minor reductions in break-even yields resulted, therefore, 
from 200 additionally available operating hours (run 9). With a larger acreage 400 hours 
became more limiting; greater yield reductions are possible with 600 operating hours (run 10). 
Spacing and planting costs (run 11) and initial site conditions (run 12) are factors with 
the strongest influences on break-even yields. One must, however, in interpreting run 11 take 
into account potentially reduced yields due to the wider spacing and the increased need for 
weed control. Run 12 clearly demonstrates the advantage of a producer who can start 
essentially on an agricultural site and delay expensive landclearing activities until after the last 
harvest of a stand (compare also runs 19 and 20). 
Runs 13 to 16 demonstrate the effect of different activity schedules such as 2 consecu-
tive years of weed control for the initially established stand (runs 13 and 14), weed control 
and fertilizer application after each coppicing (run 15), and weed control alone after each 
coppicing (run 16). Weed control in 2 consecutive years and (or) after coppicing might be 
required either because weed competition is important or a wide spacing was chosen. Run 14 
with a 4 1 x 4 1 spacing indicates the trade-off potential between more weed control and smaller 
planting costs. The effect of intensified weed control (runs 13, 14, 16) and fertilization 
(run 15) on break-even yields were minor. This result and the importance of planting costs 
point to an interesting trade-off between spacing and weed-control needs, if about equal final 
harvest yields can be obtained. 
Reductions in break-even yields can be obtained with better machine combinations or 
higher performance rates of a given combination (run 17). The latter could be a result of 
better site and weather conditions, operator skill and many other factors. Use of un-
necessarily large machines can also increase yield requirements from underutilization of 
machines (run 18). 
The last three simulations examine the effect of a longer rotation on break-even yields. 
With expenditures for intensive-culture activities occurring less often, break-even yields are 
considerably lower, but these yield averages might also be more difficult to obtain over 
longer periods of time, and expenditures for insect and disease control and mortality losses 
could be higher. The strong effect of initial site-preparation costs on forest land is shown 
for run 20. In run 21, fertilization and herbicide application did not take place. These two 
cost components exhibit a noticeable influence on break-even yields. 
OUTPUT 
Figure 4. Short- and long-run average cost curves (hypothetical). 
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Table 3. Formulas for Break-Even Calculations 
A. Minimum required value yields per acre at harvest age 
First Period: 
Second Period: 
Under the assumption that costs and harvest yields are the same for each coppiced stand 
Vj+l = TDC2 (l+ir(j-l)Rc (l+i) R+jRC = TDC2 (l+i)R+Rc, j=l,2 ... n+l 
Total Period: 
n+l -(R+(j-l)R ) 
TDCA = L Vj (l+i) c 
j=l 
Under the assumption V1 = V2 = · · · =Vn+l = V or equal yields per acre at each 
harvest (n+l harvests, i.e. n coppicings) 
n n+l n 
V = TDCA (l+i) (n+l) R+~ jRc; L (l+i)nR + ~j Re - (k-l)Rc 
J k=l ] 
TDC A= total discounted costs per acre from establishment to last harvest of stand before 
reestablishment through planting. 
TDCj =total discounted cost per acre of harvest period j, j = 1,2, ... n+l 
R = rotation age of planted stand 
Re = rotation age of coppiced stand; n coppicings 
i = discount rate 
Vj =minimum required (total) value yield per acre from harvest at the end of period j 
(year R+ (j-l)Rc) to cover the costs of the investment 
V =minimum average required value yield per acre at each of (n+l) harvests at the 
ages R+(j-l)Rc 
~ume yield of planted stand V 1 is in a fixed proportion to yields of coppiced stands 
V2 V3, ... Vn+1andV2 =V3 = ... =Vn+1=V. ThenV1N=aorV1 =aVand: 
n 
TDCA = aV(l+i)"R + L V(l+i)·(R+jRc) and 
j 
n l n+l 
V =TDC A (l+i)(n+l)R + ~ j Re/ (a L K + ~ K) 
J k=l k=2 
·n 
where K = (l+i)nR + ~ j Re - (k-l)Rc 
J 
B. Minimum required annual value flow from each acre. 
Because presently required minimum value yields for period j and the total production 
period are simply equal to the respective discounted costs for the period, or 
Vjp = TDCj and VP =TDC A• j=l,2 ... n+l 
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annually required yields per acre can be obtained by multiplying them with a "cost recovery 
factor" (RF): 
U1tit RF = where t = R+(j-l)Rc, j=l, 2 .. . n+l 
(l+i)t-1 
Vjp = mini_mu1:11 value yield per acre required at present to cover production costs for 
period J 
V p =minimum value yield per acre required at present to cover costs for the total period 
RF = cost recovery factor 
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Table 4. Results of Break-Even Analysis of Intensive Cultures 
Simulation a Required yield (dollars) per acre and yearb 
No. Total Period 
in % of 
First Period Second Period Sim.1 Remarks 
1 81.11 2.90 45.87 100.0 See footnote a 
2 77.10 2.67 43.47 94.8 5000 acres 
3 76.29 2.59 42.95 93.6 10,000 acres 
4 81.11 2.90 37.81 82.4 4 coppicings 
5 81.11 81.11 176.8 0 coppicings 
6 87.34 2.75 53.45 116.5 15% discount rate 
7 81.11 2.90 45.87 100.0 $10.0/dry ton 
8 88.16 4.35 51.51 112.3 100-hour time 
constraint 
9 79.12 2.43 44.20 96.4 600-hour time 
constraint 
10 75.46 2.39 42.25 92.1 600-hour time con-
strai{\t and 10,000 
acres 
11 35.03 2.90 22.10 48.2 41 x41 spacing, 
planting $49.3/A 
12 148.31 2.90 80.54 175.6 Forest site requir-
ing clearing 
13 82.21 2.90 46.44 101.2 Activity schedule 2 
14 36.12 2.90 22.66 49.4 Activity schedule 2, 
41 x 41 spacing, 
planting $49.30/A 
15 81.11 6.15 50.38 109.8 Activity schedule 3 
16 81.11 3.49 46.69 101.8 Activity schedule 4 
17 76.34 1.80 41.88 91.3 Diff. Machine per-
formance 
18 84.65 2.44 47.05 102.6 Diff. Machine and 
performance rates 
19 24.67 1.41 18.69 40.7 Rotations both 10 
yr, 41 x41 spacing, 
planting $49.3/A 
20 57.46 1.41 41.16 89.7 Same as 19, but on 
forest site 
21 18.14 1.41 14.22 31.0 Same as 19, but no 
fertilization and 
herbicide applica-
ti on 
aMost of the simulation runs represent minor modifications of run 1, which is based on the 
following inputs: agricultural site ; activity schedule 1 (Table 1, Game Manual); 1500 acres; 
rotation for initial and coppiced stands-3 years; 2 coppicings ; interest rate 10%; product 
value of $5.0/dry ton; annual administration costs of $1.00/acre ; tree spacing 11 x4 1 ; herbicide 
application of 2 lb of simazine/acre at $2.25/Ib; 100 lb of nitrogen fertilizer/acre at $0.15/Ib. 
The modifications are given under Remarks. Machine specifications are illustrated in Table 5 
for all simulations. 
bThe required yields in physical units such as dry-tons /acre/year can be calculated by dividing 
the table entries with the market value of a physical unit. 
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Table 5. Machine Packages Used in Study 
Simulation(s) 
1-16 17 18 
Activity Machine Rate Rate Machine Rate 
AC/Hr AC/Hr AC/Hr 
Plowing 1Tractor1 1.20 3.00 6 Tractor 6 2.90 
7Plow1 11Plow5 
Disking 1Tractor1 2.50 6.50 6 Tractor 6 5.30 
12Disk1 17 Disk 6 
Herbicide 1Tractor1 15.00 30.00 6 Tractor 6 23.90 
Application 18 Sprayer 1 19 Sprayer 2 
Weed Control 1Tractor1 13.20 17.60 6 Tractor 6 15.20 
20 Cultivator 1 21 Cultivator 2 
Fertilizer 1Tractor1 24.00 40.00 6 Tractor 6 30.00 
Application 18 Sprayer 1 19 Sprayer 2 
Forage 1Tractor1 1.00 1.68 6 Tractor 6 1.68 
Harvesting 23 Forage 23 Forage 
(for rota- Har 2 Har 2 
tions ~ 3 yr 
runs 1-18) 
$/acre 
Clearing Not Spec. 200.00) 
Raking Not Spec. 10.00 : all simulations 
Burning Not Spec. 3.00 
Planting Not Spec. 210.00 for 11 x 41 spacing 
Planting Not Spec. 49.30 for 41 x 4 1 spacing (runs 11, 14, and 
19-21) 
Hauling Not Spec. 0.80 for rotations::;;;_ 3 years (forage 
harvester) 
Hauling Not Spec. 28.80 for rotations > 3 years (runs 19-21) 
Felling +Bunching Not Spec. 3.48 
Skidding Not Spec. 20.40 : all simulations with rotation> 3 yrs. 
(runs 19-21) 
Chipping Not Spec. 15.00 
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SUMMARY AND CONCLUSIONS 
Only a very small number of all possible factor combinations was examined. A few 
important conclusions can be drawn, however, especially if results are not extrapolated 
beyond the described situations. The factors to which break-even yields are most sensitive are 
evidently site-preparation costs and needs, planting costs, and spacing. Other factors showed 
less effect at least for the assumed fac tor combinations. Many more iterations of the program 
and better cost data are required for more conclusive statements about the economic feasi-
bility of intensive cultures. 
Break-even point matrices based on better and more complete cost information will 
have been compiled before the completion and verification of physical growth and yield 
models. These models should ultimately allow yield predictions for different locations, 
clones, stand conditions (density), and treatments. Yield predictions can then be directly 
compared with the matrix entries from this and similar studies to delineate sites and economic 
conditions that deserve closer examination for intensive silviculture . 
Ultimate selection of the best production sites, both agricultural and forest, must be 
based on biological, economic, and socio-economic factors, e.g., physical yields for specified 
levels of inputs; the cost of production ; the product value under alternative types of uses; the 
value of substitutes; land values ; harvesting and transportation methods and costs; availability 
of product conversion facilities; availability of labor; and the demand for agricultural and 
timber products for energy, water, and recreation opportunities. Different levels and kinds of 
demands on the total production system will call for different land allocation patterns. We 
need to know the shifts in land allocation required to meet stated objectives on land production, 
and, thus, the total putputs linked with a given land allocation. To answer these questions, 
large-scale interregional competition models such as those developed for agriculture by Heady 
et al. , (1972) might be needed. 
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